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Zuckerbrot und Peitsche LVW HLQH 5HGHZHQGXQJ GLH HLQH )RUP GHU (LQȵXVVQDKPH DXI
DQGHUH 3HUVRQHQ RGHU 2UJDQLVDWLRQHQ XPVFKUHLEW EHUVHW]W NDQQ GDV ] % KHL¡HQ
Ȍ*HKRUFKHPLUXQGLFKZHUGHGLU*XWHVWXQZLGHUVHW]WGXGLFKPLUGDQQZLUGGLU%¸VHV
ZLGHUIDKUHQȊ'DVHQWVFKHLGHQGH0RPHQWGDEHLLVWGDVVGLHPDQLSXODWLYH(LQȵXVVQDKPH
aus taktischen Gründen sowohl in angenehmer als auch in unangenehmer Weise für den 
%HWURIIHQHQHUIROJW%HLGHU+HUVWHOOXQJYRQ=XFNHUDXV=XFNHUURKUZLUGGLH=XFNHUO¸VXQJ
DXVJHSUHVVWHV=XFNHUURKUGXUFKHUKLW]HQȊHLQJHNRFKWȋ,P7RSIJWDQ]XQWHQHQWZLFNHOWVLFK
GLH JU¸¡WH+LW]HZDVGD]X I¾KUW GDVV GHU =XFNHU NDUDPHOOLVLHUW'LHVHQ NDUDPHOOLVLHUWHQ
=XFNHUNOXPSHQ QHQQW PDQ =XFNHUEURW 'LHVHV =XFNHUEURW ZXUGH RIW GHQ 6NODYHQ DOV
%HORKQXQJJHJHEHQGLHGLH$UEHLWHQLQGHU=XFNHUIDEULNHUOHGLJHQPXVVWHQ'LH6NODYHQ
ZXUGHQDOVRPLW=XFNHUEURWEHORKQWXQGPLWGHU3HLWVFKHEHVWUDIW
-HGHU SV\FKLVFKH XQG SK\VLVFKH 9RUJDQJ O¸VW *HI¾KOH DXV (V LVW HLQ (UIROJVUH]HSW GHU
(YROXWLRQVLFKP¸JOLFKVWVR]XYHUKDOWHQXQGDOOHV]XWXQXPSRVLWLYH*HI¾KOH]XHUOHEHQ
XQGQHJDWLYH]XYHUPHLGHQ'HVKDOEO¸VHQQHJDWLYH*HI¾KOHK¦XȴJ$EZHKUUHDNWLRQHQZLH
] % 7URW] DXV 'LH =XFNHUEURWXQG3HLWVFKH0HWKRGH EHVWHKW QXQ GDULQ JH]LHOW VRZRKO












































5. Feedback-related negativity codes outcome valence, but not outcome 






































QRWHYHUGR WKDWDJDLQȇ )DFLDO H[SUHVVLRQV WKXVDUH YHU\HDUO\EDVLF UHLQIRUFHUV
LQRXUHQYLURQPHQW %ODLU%XWEHKDYLRU LVDOVR OHDUQHG IURPRWKHU IRUPV
RIIHHGEDFNDQGFRQVHTXHQFHVVXFKDVJHWWLQJWLPHRXWIRUQRWOLVWHQLQJJHWWLQJ
WKHLUIDYRULWH LFHFUHDPZKHQWKH\EHKDYHZHOODVPLOH\RQJRRGKRPHZRUNRU
EHLQJ OLNHGE\RWKHUV7KURXJKWKHVHDQGRWKHU IRUPVRI OHDUQLQJPRVWFKLOGUHQ
OHDUQPDWK VSHOOLQJ DQG UXOHV RI SRSXODU JDPHV (TXDOO\ RUPD\EH HYHQPRUH







7KHUH LVD VPDOO JURXSRISHRSOHZKRGRSUHVHQWZLWK VHYHUHDQGSHUVLVWHQW




 Ȇ)DLOXUH WR FRQIRUP WR VRFLDO QRUPV ZLWK UHVSHFW WR ODZIXO EHKDYLRUV DV LQGLFDWHG E\
UHSHDWHGO\SHUIRUPLQJDFWVWKDWDUHJURXQGVIRUDUUHVWGHFHSWLRQDVLQGLFDWHGE\UHSHDWHGO\
O\LQJXVHRIDOLDVHVRUFRQQLQJRWKHUVIRUSHUVRQDOSURȴWRUSOHDVXUHLPSXOVLYHQHVVRU
IDLOXUH WRSODQDKHDG LUULWDELOLW\DQGDJJUHVVLYHQHVV DV LQGLFDWHGE\ UHSHDWHGSK\VLFDO
ȴJKWVRUDVVDXOWVUHFNOHVVGLVUHJDUGIRUVDIHW\RIVHOIRURWKHUVFRQVLVWHQWLUUHVSRQVLELOLW\














to show some rather odd behavior and seem very antisocial and cold-blooded to us 





adapt behavior based on the consequences of their acts (for a review on models 
DQG WKHRULHV VHH %ODLU HW DO  3DWULFN  2YHU WKH ODVW \HDUV VFLHQWLȴF
HYLGHQFH KDV HPHUJHG VXSSRUWLQJ WKHVH LGHDV +RZHYHU LW LV QRW HQWLUHO\ FOHDU
which forms of learning are impaired under which circumstances and what kind of 
QHXURFRJQLWLYHSURFHVVHVPLJKWXQGHUOLHWKHVHGHȴFLWV
,QWKLVWKHVLV,ZLOODGGUHVVWKHVHTXHVWLRQVE\UHSRUWLQJDVHULHVRIH[SHULPHQWV





Contemporary descriptions of psychopathy are based on work by Cleckley 
 LQZKLFKKHGHVFULEHG  FULWHULD 7KHVH LQFOXGHG VXSHUȴFLDO FKDUP ODFN
RIDQ[LHW\DQGJXLOWSDWKRORJLFDO O\LQJIDLOXUHWR OHDUQIURPSXQLVKPHQW ODFNRI




LQFOXGLQJPDQLSXODWLYH VXSHUȴFLDO LQWHUSHUVRQDO VW\OH ODFN RI UHPRUVH DQG JXLOW
DQGVKDOORZDIIHFW+DUH
7RGD\WKHUHLVVWLOOVRPHGHEDWHRQKRZWRGLDJQRVHWKHGLVRUGHU0RVWSV\FKLDWULF
GLVRUGHUV DUH GHVFULEHG LQ WKH '60,975 $PHULFDQ 3V\FKLDWULF $VVRFLDWLRQ
 DQG WKH QHZHU YHUVLRQ '60 $PHULFDQ 3V\FKLDWULF $VVRFLDWLRQ 
ZKLFKDUHXVHGDVDFRPPRQV\VWHPWRFODVVLI\SV\FKLDWULFV\QGURPHV+RZHYHU
SV\FKRSDWK\ LV QRW SDUW RI WKH'60 V\VWHP ,Q WHUPVRI WKH'60 SV\FKRSDWK\
is closest to the syndrome of antisocial personality disorder with which it shows 







)LUVW LQYHVWLJDWLRQ UHYHDOHG D WZRIDFWRU VWUXFWXUH +DUH HW DO :KLOH WKH
ȴUVWIDFWRUFRQVLVWVRIWKHLQWHUSHUVRQDODQGDIIHFWLYHWUDLWVWKHVHFRQGGHVFULEHV






 Ȃ  LQGLFDWHV WKHGHJUHHRI SV\FKRSDWKLFSHUVRQDOLW\ DQGEHKDYLRU ,Q1RUWK
$PHULFDD FXWRII VFRUHVRI  LVKDQGOHGDVD FULWHULRQRISV\FKRSDWK\'XH WR
FXOWXUDOGLIIHUHQFHV LQ WKHH[SUHVVLRQRISV\FKRSDWKLF WUDLWV(XURSHDQFRXQWULHV








History of impulsive 
antisocial behavior 
‘socially deviant lifestyle’





Grandiose sense of self-
worth
Cunning/ manipulative
Lack of remorse or guilt
Shallow affect
Callous/ lack of empathy
)DLOXUHWRDFFHSW













Need for behavioral 










3&/5 LV WRRGRPLQDWLQJ OHDGLQJ WRPLVSHUFHSWLRQV VXFKDV WKH3&/5EHLQJ WKH
JROGVWDQGDUGRUDVVXPLQJWKDWFULPLQDOEHKDYLRULVDFRUHIHDWXUHRISV\FKRSDWK\
In the class of self-report questionnaires measuring psychopathy a prominent 
LQVWUXPHQWLVWKHSV\FKRSDWKLFSHUVRQDOLW\LQYHQWRU\/LOLHQIHOG	$QGUHZV
DQGLWVUHYLVHGIRUP33,5/LOLHQIHOG	:LGRZV'LIIHUHQWIURPWKH3&/5LW
was designed for non-criminal and criminal populations and relies much less on 
3DJH_3DJH_ 3V\FKRSDWK\3V\FKRSDWK\
WKHSUHVHQFHRIDFULPLQDOKLVWRU\7KHWZRIDFWRUVIRUPHGE\WKHLWHPVDUHWKRXJKW
WR EH VLPLODU WR WKH3&/5 IDFWRUV %HQQLQJ 3DWULFN+LFNV %ORQLJHQ	.UXHJHU
 +DUH  7KH ȴUVW 33, IDFWRU ȆIHDUOHVV GRPLQDQFHȇ UHȵHFWV DIIHFWLYH
SHUVRQDOLW\ WUDLWV WKH VHFRQG IDFWRU UHȵHFWV ȆLPSXOVLYH DQWLVRFLDOLW\ȇ $QRWKHU
PRUHUHFHQWLQVWUXPHQWYLHZVSV\FKRSDWK\DVDWULDUFKLFFRQFHSW3DWULFN)RZOHV
	.UXHJHU FRQVLVWLQJRIEROGQHVV VRFLDOGRPLQDQFHHPRWLRQDO UHVLOLHQFH
DQG YHQWXUHVRPHQHVV PHDQQHVV DJJUHVVLYH UHVRXUFH VHHNLQJ ZLWKRXW UHJDUG
IRU RWKHUV DQG GLVLQKLELWLRQ JHQHUDO SUREOHPVZLWK LPSXOVH FRQWURO $OVRZHOO
NQRZQ LV WKH6HOIUHSRUW3V\FKRSDWK\VFDOH 653RIZKLFKVHYHUDOYHUVLRQVKDYH
EHHQGHYHORSHG7KHQHZHVW LV WKH653,,, 3DXOKXV+HPSKLOO	+DUH LQSUHVV
ZKLFKFRQVLVWVRIDVLPLODUIRXUIDFWRUVWUXFWXUHDVWKH3&/5QDPHGLQWHUSHUVRQDO
PDQLSXODWLRQFDOORXVDIIHFWHUUDWLFOLIHVW\OHDQGFULPLQDOWHQGHQFLHV
Self report information about psychopathy is cheap and can be obtained 
HDVLO\EXWFRXOGDOVREHELDVHGLHDIIHFWHGE\SV\FKRSDWKLFFKDUDFWHULVWLFVVXFK
DVGLVKRQHVW\EHLQJGHFHSWLYHDQGKDYLQJD ODFNRI LQVLJKW6HOIUHSRUWGRHVQRW
GHSHQG RQ FOLQLFDO MXGJPHQW QHLWKHU RQ H[WHQVLYH LQWHUYLHZV SDWLHQW ȴOHV DQG
GRFXPHQWDWLRQ RI D FULPLQDO UHFRUG ,W LV WKHUHIRUH XQFOHDU ZKHWKHU WKH 3&/5
DQGWKHH[LVWLQJVHOIUHSRUWLQVWUXPHQWPHDVXUHWKHVDPHFRQVWUXFW)RUH[DPSOH
FRUUHODWLRQVEHWZHHQ3&/5DQG33,DUHPRGHUDWHIRUWRWDOVFRUHVEXWLQFRQVLVWHQW
ZLWK UHJDUG WR KRZ VSHFLȴF IDFWRU VFRUHV FRUUHVSRQG 0DUFXV )XOWRQ	 (GHQV

Prevalence
Now we know what psychopathy is and how it can be assessed one might wonder 
ZK\ZHVKRXOGSD\VRPXFKDWWHQWLRQWRWKLVGLVRUGHU,QGLYLGXDOVZLWKSV\FKRSDWK\
IRUP D VHULRXV SUREOHP IRU RXU VRFLHW\ 3HUVRQV ZLWK SV\FKRSDWK\ FRPPLW D
ODUJHSURSRUWLRQRI FULPHVDQG WKH WUHDWPHQWRISV\FKRSDWK\ LV ORQJDQGRIWHQ
XQVXFFHVVIXO DQGHYHQ IROORZLQJ WUHDWPHQW UHFLGLYLVP UDWHVDUHKLJK +HPSKLOO
 /HLVWLFR 6DOHNLQ'H&RVWHU	5RJHUV :DOWHUV 2Q WRSRI WKLV





is ascribed to the fact that measures of psychopathy have largely been based on 
insights from male populations while antisocial behavioral traits present in women 
LQDGLIIHUHQWZD\WKDQLQPHQ,QGHHGDWOHDVWRQIDFWRUIHPDOHVVKRZGLIIHUHQW
EHKDYLRUUHȵHFWHGLQPRUHO\LQJGHFHLWIXOQHVVDQGODFNRIFRQWUROZKLOHPDOHVVKRZ




FKDQJH WKHLUEHKDYLRU 6RPH UHFHQW UHSRUWVKDYHGHPRQVWUDWHG WKDW LQGLYLGXDOV





ZLWK KLJK 3&/5 VFRUHV ZDV PRVW OLNHO\ WR UHRIIHQG $ UHYLHZ E\ 6NHHP HW DO
ZDVPRUHRSWLPLVWLFDQGVXJJHVWHGWKDWWUHDWPHQWKDVWREHLQWHQVLYHDQG
OHQJWK\ LQRUGHU WRVKRZHIIHFWV ,Q WKH1HWKHUODQGVDVXEVWDQWLDOSURSRUWLRQRI
IRUHQVLF SV\FKLDWULF SDWLHQWV SUHVHQWZLWKSV\FKRSDWK\ +LOGHEUDQG	GH5XLWHU
 +LOGHEUDQG GH 5XLWHU 	 1LMPDQ  3V\FKRSDWKLF LQGLYLGXDOV LQ WKH
1HWKHUODQGV SUHVHQW ZLWK ORZ WUHDWPHQW LQYROYHPHQW IHZ FKDQJHV LQ G\QDPLF
ULVNIDFWRUVDQGKLJKUDWHVRILQVWLWXWLRQDOPLVEHKDYLRUDQGWKLVLVDVVRFLDWHGZLWK
KLJK ULVNRI UHRIIHQGLQJ +LOGHEUDQGHW DO +LOGHEUDQG+HVSHU 6SUHHQ	
1LMPDQ  6FK¸QEHUJHU  $PRUH UHFHQW VWXG\ KRZHYHU VXJJHVWV WKDW
only a subgroup of individuals with psychopathy responds poorly to treatment 
ZKHQFRPSDUHG WRQRQSV\FKRSDWKV &KDNKVVLGH5XLWHU	%HUQVWHLQ ,W
was suggested that this low response group was characterized by lower levels of 
IHDU)XWXUHUHVHDUFKVKRXOGWDNHVXEW\SHVRISV\FKRSDWK\LQWRDFFRXQW)LQDOO\D
UHFHQWUHYLHZFRQFOXGHVWKDWWUHDWPHQWRXWFRPHLVORZWRPRGHUDWHO\VXFFHVVIXO
with more promising results for treatment in samples of persons with psychopathy 
DW\RXQJHUDJH6DOHNLQ:RUOH\	*ULPHV
:LWKLQ WKH 'XWFK IRUHQVLF V\VWHP D IRUHQVLF DGDSWDWLRQ RI VFKHPD IRFXVHG
WKHUDS\KDVEHHQGHYHORSHG%HUQVWHLQ$UQW]	9RV,WIRFXVHVRQHPRWLRQDO
states or schema modes most common in forensic patients with personality 
3DJH_3DJH_ 7KHRULHVRI3V\FKRSDWK\3V\FKRSDWK\
GLVRUGHUV DQG DVVXPHG WR EH UHODWHG WR YLROHQFH DQG FULPLQDOLW\ HJ Ȇ6HOI













7R VXPPDUL]H LQGLYLGXDOV ZLWK SV\FKRSDWK\ FDQ FDXVH VHULRXV SUREOHPV WR
WKHPVHOYHV WKHLUGLUHFWHQYLURQPHQWDQGVRFLHW\ LQJHQHUDODQGSV\FKRSDWK\ LV
UDWKHUGLɝFXOWWRWUHDW+RZHYHULWLVLPSRUWDQWWRXQGHUVWDQGWKDWQRWDOOSHRSOH
ZLWKKLJKSV\FKRSDWKLFWUDLWVWXUQLQWRRIIHQGHUV,QIDFWDFULWLFLVPRIWKH3&/5
is that it relies too heavily on the negative aspects of psychopathy while ignoring 
SRVLWLYHWUDLWV3RVLWLYHWUDLWVGHSHQGLQJRQWKHFRQWH[WLQFOXGHEHLQJDVVHUWLYH
IRFXVLQJRQSRVLWLYH WKLQJVQRW WDNLQJWKLQJVSHUVRQDOO\DQGVWD\LQJFDOPXQGHU
SUHVVXUH 'XWWRQ  7KH FRQFHSWRI DQRQFULPLQDO SV\FKRSDWKKDV DOUHDG\
EHHQGHVFULEHG LQ&OHFNOH\ȇVERRN Ȇ7KH0DVNRI6DQLW\ȇ 7KHVXFFHVVIXORU
non-criminal individual with psychopathy presents with the personality traits 
HJVXSHUȴFLDOFKDUPHJRFHQWULFLW\DQGODFNRIJXLOWEXWGRHVQRWVKRZVHULRXV
DQWLVRFLDO EHKDYLRU OHDGLQJ WR DUUHVW RU FRQYLFWLRQ ,W KDV HYHQ EHHQ VXJJHVWHG
WKDWVRPHSV\FKRSDWKLFWUDLWVPLJKWEHKLJKO\DGDSWLYHLQSURIHVVLRQVVXFKDVODZ
SROLWLFVRUEXVLQHVV 'XWWRQ/\NNHQ0RVW UHVHDUFKKDV IRFXVHGRQ
XQVXFFHVVIXO RU FULPLQDO SV\FKRSDWK\ 3UDFWLFDO LVVXHV VXFK DV UHFUXLWPHQW DQG
DVVHVVPHQWPDNHLWGLɝFXOWWRVWXG\VXFFHVVIXOSV\FKRSDWK\+RZHYHUVXFFHVVIXO
psychopathy might be different from non-successful psychopathy with respect to 
SURWHFWLYHWUDLWVOHDGLQJWRKLJKO\DGDSWLYHEHKDYLRULQVRPHUHVSHFW*DR	5DLQH
,QVLJKWVLQWRFULPLQDOSV\FKRSDWK\PLJKWQRWEHJHQHUDOL]DEOHWRWKHQRQ
FULPLQDO SV\FKRSDWK\ )XUWKHUPRUH XQGHUVWDQGLQJZK\ VRPH VWD\ RQ WKH OHJDO
SDWKVDQGPLJKWEHFRPHVXFFHVVIXOEXVLQHVVPHQZKLOHRWKHUVSXUVXHDFULPLQDO
FDUHHU FDQ KHOS XQGHUVWDQG SV\FKRSDWK\ ,WPLJKW HYHQ KHOS DGDSW H[LVWLQJ RU
GHYHORSQHZIRUPVRISUHYHQWLRQRUWUHDWPHQWSURJUDPV7KHODWWHURIFRXUVHLV
RQO\WUXHLIDQȆDGDSWHGRUVXFFHVVIXOȇSV\FKRSDWKLVZKDWZHZDQWWRDFKLHYHZLWK





FRQVHTXHQFHV VXFKDV LPSULVRQPHQW":K\GR WKH\ IDLO WR OHDUQ WR FKDQJH WKHLU
EHKDYLRUV" ,Q WKLV WKHVLV VHYHUDO LQYHVWLJDWLRQVRISURFHVVHV LQYROYHG LQ OHDUQLQJ
WRDGDSWEHKDYLRULQ'XWFKSDWLHQWVZLWKSV\FKRSDWK\ZLOOEHUHSRUWHGDQGWKHLU
FRQWULEXWLRQ WR ȴQGLQJ DQVZHUV RQ WKH DERYH TXHVWLRQV ZLOO EH GLVFXVVHG 7KLV
understanding might contribute to developing new and more effective treatment 
IRUPV
1.3. Theories of Psychopathy
6LQFH LWV ȴUVW GHVFULSWLRQ VHYHUDO WKHRULHV DQG PRGHOV DERXW WKH PHFKDQLVPV
XQGHUO\LQJWKHV\PSWRPVRISV\FKRSDWK\KDYHEHHQGHVFULEHG2YHUWKHODVW\HDUV








DQG LPSOHPHQWDWLRQRIJRDOGLUHFWHGEHKDYLRU WR LWVHYDOXDWLRQȋ ,W LV WKRXJKW WR
SOD\DUROHLQPRQLWRULQJRXUFRQVWDQWO\FKDQJLQJHQYLURQPHQW,QLQGLYLGXDOVZLWK
psychopathy this process is thought to be impaired leading to reduced automatic 
DQWLFLSDWLRQRI WKH FRQVHTXHQFHVRI WKHLU DFWLRQV1HZPDQ 1HZPDQ	%DVNLQ
3DJH_3DJH_ 7KHRULHVRI3V\FKRSDWK\7KHRULHVRI3V\FKRSDWK\
6RPPHUVDVVXPHVWKDWDQearly attentional bottleneck prevents processing 
RILQIRUPDWLRQWKDWLVLQFRQJUXHQWZLWKDFXUUHQWJRDO,WLVQRWDVRIWHQDVVXPHGLQ
V\QGURPHVRIGLVLQKLELWLRQDODWHDWWHQWLRQDOVHOHFWLRQSUREOHPUHODWHGWRH[HFXWLYH
IXQFWLRQLQJ 1HZPDQ DQG FROOHDJXHV KDYH SURYLGHG HYLGHQFH IRU WKLV PRGHO
$UQHWW6PLWK	1HZPDQ+LDWW	1HZPDQ1HZPDQ	.RVVRQ
1HZPDQ3DWWHUVRQ	.RVVRQ)RUH[DPSOHSDVVLYHDYRLGDQFHHUURUVZHUH
demonstrated in a go/no-go discrimination tasks when both monetary rewards and 
SXQLVKPHQWVZHUH LQYROYHG+RZHYHUZKHQ WKH WDVNGLGQRW LQYROYH FRPSHWLQJ
JRDOV UHZDUG DQG SXQLVKPHQW EXW RQO\ D SXQLVKPHQW FRQGLWLRQ 1HZPDQ 	





7KH ORZ IHDU K\SRWKHVLV DVVXPHV WKDW WKH FRUH SUREOHP OLHV LQ GHFUHDVHG
SURFHVVLQJDQGUHVSRQGLQJWRIHDULQGXFLQJVWLPXOL/\NNHQ7KHEDVLFLGHD
LV WKDWH[SHULHQFLQJ IHDU WRD VWLPXOLRUHYHQW FDXVHVXV WRDYRLG VLPLODUHYHQWV
LQ WKH IXWXUH WKURXJKDVVRFLDWLRQRI IHDUZLWK WKHHYHQW LH IHDU FRQGLWLRQLQJ
7KXV GHFUHDVHG IHDUEDVHG OHDUQLQJPD\ OHDG WR SHUVLVWHQW DQWLVRFLDO UHVSRQVH
SDWWHUV)XUWKHUPRUHLWLVVXJJHVWHGWKDWWKLVIHDUEDVHGOHDUQLQJLVDOVRLQYROYHGLQ
VRFLDOL]DWLRQVXFKDVGHYHORSLQJHPSDWK\DQGOHDUQLQJPRUDOEHKDYLRU,QGLYLGXDOV
ZLWK SV\FKRSDWK\ LQGHHG DUH OHVV UHVSRQVLYH WR IHDU DV UHȵHFWHG LQ GHFUHDVHG
DURXVDO+DUH/RUEHU3DWULFNDQGZHDNHUDVVRFLDWLYHOHDUQLQJ
EDVHGRQSXQLVKPHQWV%LUEDXPHUHWDO+RZHYHULWKDVEHHQTXHVWLRQHG
whether socialization occurs only through these forms of fear conditioning (Blair et 
DO/\NNHQKDVUHYLVHGWKLVPRGHODQGQRZHPSKDVL]HVSXQLVKPHQW






DP\JGDOD 7KLV OHDGV WRGHFUHDVHGHPRWLRQDO OHDUQLQJ LQFOXGLQJ OHDUQLQJEDVHG
RQRXWFRPHV$QWLVRFLDOEHKDYLRUDOSDWWHUQVZRXOGQRWEHDGMXVWHGEDVHGRQWKHLU
QHJDWLYHFRQVHTXHQFHV%HKDYLRUDOO\WKLVZRXOGH[SODLQERWKIDFHWVRISV\FKRSDWK\
WKH DIIHFWLYH G\VIXQFWLRQ DQG WKH DQWLVRFLDO EHKDYLRU (TXDOO\ LW ZRXOG H[SODLQ
impaired performance on both emotional tasks and learning related tasks related 
WRWKHDP\JGDODGHȴFLW
1RWDEO\ DOO RI WKH DERYH PRGHOV SUHGLFW SUREOHPV ZLWK FHUWDLQ DVSHFWV RI
DGDSWLQJEHKDYLRUEDVHGRQH[WHUQDOUHLQIRUFLQJFXHVVXFKDVRXWFRPHVRUIHHGEDFN
DV D FHQWUDO FRPSRQHQW RI SV\FKRSDWK\ 7KH UHVSRQVHPRGXODWLRQ IRU H[DPSOH
would predict problems in reversal learning as changes in stimulus-outcome 




surprisingly a large amount of studies has then investigated behavioral adaptation 







which lead to long lasting changes I will present studies investigating different 
DVSHFWVRIOHDUQLQJPHQWLRQHGLQWKHDERYHUHYLHZHGPRGHOV,QTable 1.2. these 















voluntary shift of 
attention from a de-
liberate goal-driven 
DVSHFWHJUHFHLYLQJ




D 0RUH GLɝFXOWLHV ZKHQ ERWK UHZDUG










individuals are less 
















those forms of learn-
ing which depend on 
WKHDP\JGDOD
7KHPRGHODVVXPHVWKDWWKHIROORZLQJIRUPV
of associative learning are impaired for both 
appetitive and aversive associations:
D &RQGLWLRQHG VWLPXOXVXQFRQGLWLRQHG UH-
VSRQVH DVVRFLDWLRQV HJ LQFUHDVHG VNLQ UH-
sponse to a visual stimulus which was previ-
RXVO\SDLUHGZLWKDQRLVH
E Conditioned stimulus-affect representa-
WLRQDVVRFLDWLRQVHJWKHH[SHFWDWLRQRIDUH-
ZDUGIROORZLQJDVSHFLȴFYLVXDOVWLPXOXV
F Conditioned stimulus-valenced senso-
ry properties of the unconditioned stimulus 
DVVRFLDWLRQ HJ WKHH[SHFWDWLRQRI D FHUWDLQ
VPHOOZKHQVHHLQJDVSHFLȴFYLVXDOVWLPXOXV
G 7KHPRGHOH[SOLFLWO\GRHVQRWSUHGLFWSURE-
lems forming stimulus-response associations 
as these would not depend on the integrity of 
WKHDP\JGDOD
1.4. Outcome processing and adaptation of behavior in Psychopathy
)ROORZLQJ WKH GHYHORSPHQW RI FRJQLWLYH DFFRXQWV RI SV\FKRSDWK\ D ZHDOWK RI





It has been shown that individuals with psychopathy show abnormalities of 
UHYHUVDOOHDUQLQJ%ODLU&ROOHGJH	0LWFKHOO%XGKDQL5LFKHOO	%ODLU
0LWFKHOO &ROOHGJH /HRQDUG 	 %ODLU  IHDU FRQGLWLRQLQJ %LUEDXPHU HW DO
DQGSDVVLYHDYRLGDQFHOHDUQLQJLHOHDUQLQJWRDYRLGUHVSRQGLQJWRVWLPXOL
ZKLFKOHDGWRSXQLVKPHQW1HZPDQ	.RVVRQ3DVVLYHDYRLGDQFHGHȴFLWV
KRZHYHU KDYH EHHQ VKRZQ WR EH FRQWH[WGHSHQGHQWZLWK QRUPDO SHUIRUPDQFH
XQGHU SXQLVKPHQW RQO\ FRQGLWLRQV EXW ZLWK SRRU SHUIRUPDQFH LQ SDUDGLJPV
LQYROYLQJERWKSXQLVKPHQWDQG1HZPDQ	.RVVRQRUXQGHUFRQGLWLRQVLQ
ZKLFK UHZDUGZDVHPSKDVL]HG 1HZPDQ3DWWHUVRQ+RZODQG	1LFKROV
,Q OLQHZLWK WKLV LWZDV VKRZQ WKDWSDVVLYH DYRLGDQFH OHDUQLQJ LVPRGXODWHGE\
UHZDUGEXWQRWE\SXQLVKPHQW %ODLUHWDO)XUWKHUPRUH LQGLYLGXDOVZLWK
psychopathy have been shown to pause less after negative feedback (Newman et 
DO%DVHGRQWKHVHVWXGLHVLWZDVSURSRVHGWKDWSDVVLYHDYRLGDQFHGHȴFLWVDUH
GULYHQE\WKHLQDELOLW\WRLQWHUUXSWDGRPLQDQWUHZDUGVHHNLQJUHVSRQVHVHW)XUWKHU




focus on the feedback they performed more poorly than a control group on the 
VWDQGDUG%HFKHUDIRXUSDFNJDPEOLQJWDVN0LWFKHOOHWDO
2YHU WKH ODVW \HDUV VWXGLHV KDYH QRW RQO\ IRFXVHG RQ EHKDYLRUDO GHȴFLWV LQ
UHVSRQGLQJ WR UHLQIRUFHUV 1HXURSK\VLRORJLFDO DQG QHXURLPDJLQJ VWXGLHV LQ
LQGLYLGXDOV ZLWK SV\FKRSDWK\ KDYH H[WHQGHG EHKDYLRUDO ȴQGLQJV WR LQVLJKWV LQ
XQGHUO\LQJGHȴFLHQWQHXUDOPHFKDQLVPV




FLQJXODWHG FRUWH[ $&& 7KHTXLFNSURFHVVHV WDNLQJSODFH LQ WKLV V\VWHPFDQEH
PHDVXUHG XVLQJ HOHFWURSK\VLRORJLFDOPHDVXUHV 6HYHUDO HYHQWUHODWHG SRWHQWLDOV
(53DUHDVVXPHGWREHLQYROYHG7KH1LVDQ(53EHOLHYHGWRUHȵHFWUHVSRQVH





GLIIHUHQW LQFRQJUXHQW VWLPXOL 1LHXZHQKXLV <HXQJ	&RKHQ  7KHHUURU
UHODWHGQHJDWLYLW\ (51 LV DQRWKHU(53FRPSRQHQWDVVXPHG WREHJHQHUDWHG LQ
WKH$&&DQG UHȵHFWV WKHGHWHFWLRQRI DQHUURU HJ WKDW DQHYHQW LVZRUVH WKDQ





DGDSWDWLRQ LH RQ XQH[SHFWHG WULDOV VLJQDOLQJ D UHYHUVDO LQ VWLPXOXVRXWFRPH
FRQWLQJHQFLHV'RQFKLQ	&ROHV
7KH1KDVEHHQLQYHVWLJDWHGLQSV\FKRSDWK\XVLQJ*R1RJRSDUDGLJPVDQG
UHYHDOHGPL[HG UHVXOWV .LHKO  KDV UHSRUWHG DWWHQXDWHG1 DPSOLWXGHV
while this result could not be replicated in slightly different Go/No-go paradigm 
0XQURHWDOE
7KH (51 KDV EHHQ LQYHVWLJDWHG XVLQJ GLIIHUHQW YHUVLRQV RI WKH )ODQNHU WDVN
LQ LQGLYLGXDOV ZLWK SV\FKRSDWK\ 0XQUR DQG FROOHDJXHV KDYH GHPRQVWUDWHG
DWWHQXDWHG(51DPSOLWXGHVRQDIDFH)ODQNHUEXWQRWDOHWWHU)ODQNHUWDVN%UD]LO
%UD]LO HW DO  VKRZHG QRUPDO (51 DPSOLWXGHV DQG SRVWHUURU VORZLQJ
UHȵHFWLQJ LQWDFWHDUO\HUURUSURFHVVLQJ+RZHYHUSUREOHPV LQ ODWHUSURFHVVHVRI
error monitoring were demonstrated by lower signaling of error rates when asked 
WRLQGLFDWHHUURUVE\EXWWRQSUHVV$GGLWLRQDOO\UHGXFHGHUURUSRVLWLYLW\DPSOLWXGHV
UHȵHFWLQJFRQVFLRXVDVSHFWVRIHUURUGHWHFWLRQZHUH IRXQG)LQDOO\%UD]LO 




ZHUH VKRZQ WREH LQWDFW DV UHȵHFWHGE\QRUPDO ODWHUDOL]HG UHDGLQHVVSRWHQWLDOV
HJHDUO\SURFHVVLQJRIREVHUYHGDFWLRQVLQWKHPRWRUV\VWHP
5HVXOWVFRQFHUQLQJWKH3DUHPL[HG6HYHUDOVWXGLHVIRXQGQRGLIIHUHQFHLQ







RI GDWD SURFHVVLQJ %UD]LO HW DO %UD]LO HW DO  GLVVRFLDWHG WZR GLIIHUHQW
SURFHVVHVUHȵHFWHGLQWKH37KH3DUHȵHFWLQJSURFHVVLQJRIWDVNLUUHOHYDQW
QRYHO VWLPXOLDQG WKH3E UHȵHFWLQJSURFHVVLQJRI WDVNUHOHYDQWQRYHO VWLPXOL
3V\FKRSDWKLF VXEMHFWV VKRZHG WKH VDPH GLIIHUHQWLDWLRQ EHWZHHQ WDVNLUUHOHYDQW
DQG WDVNUHOHYDQWQRYHO VWLPXOL DVKHDOWK\ FRQWUROV DOWKRXJKRYHUDOO DPSOLWXGHV
ZHUH VOLJKWO\ UHGXFHG+RZHYHU QRQSV\FKRSDWKLF DQWLVRFLDO LQGLYLGXDOV GLG QRW
VKRZWKHGLIIHUHQWLDWLRQDQGVKRZHGDJHQHUDOUHGXFWLRQLQDPSOLWXGHV7KHUHVXOWV
indicate that individuals with psychopathy have the ability to monitor information 
and that they appropriately allocate late selective attention to different types of 
QRYHORUXQH[SHFWHGVWLPXOL+RZHYHUWKHLUDOORFDWLRQRIDWWHQWLRQDOUHVRXUFHVLV
RYHUDOOUHGXFHGZKLOHWKHLUWDVNSHUIRUPDQFHLVQRUPDO
0DJQHWLF UHVRQDQFH LPDJLQJ 05, VWXGLHV LQ SV\FKRSDWKLF LQGLYLGXDOV KDYH
revealed abnormalities in several brain areas related to behavioral adjustments 
EDVHGRQ UHLQIRUFHUV 6WUXFWXUDO05, VWXGLHV KDYH VKRZQ UHGXFHGZKLWHPDWWHU






FLUFXLWV DUH WKRXJKW WR EH LQYROYHG LQ HPRWLRQDO SURFHVVLQJ DQG OHDUQLQJ0RUH
3DJH_3DJH_ 2XWFRPHSURFHVVLQJDQGDGDSWDWLRQRIEHKDYLRULQ3V\FKRSDWK\2XWFRPHSURFHVVLQJDQGDGDSWDWLRQRIEHKDYLRULQ3V\FKRSDWK\
VSHFLȴFVWUXFWXUDODEQRUPDOLWLHVLQWKHDP\JGDODDUHOLQNHGWRLPSDLUHGSURFHVVLQJ
RI HPRWLRQDO VWLPXOL DQGHYHQWV <DQJHW DO  <DQJ5DLQH1DUU&ROOHWWL	
7RJD'HFUHDVHGSUHIURQWDOYROXPH<DQJHWDOLVWKRXJKWWRXQGHUOLH
LPSDLUHG LPSXOVH FRQWURO DIIHFWLYH OHDUQLQJ LPSDLUHG DGMXVWPHQW RI EHKDYLRU
IROORZLQJFKDQJHVLQUHLQIRUFHPHQWFRQWLQJHQFLHVLPSDLUHGGHFLVLRQPDNLQJDQG




VRFLDO HPRWLRQV VXFK DV HPSDWK\ DQG UHPRUVH .LHKO HW DO 0¾OOHU HW DO
0RVWVWXGLHVKDYHQRWLQYHVWLJDWHGZKHWKHUGLIIHUHQFHVEHWZHHQLQGLYLGXDOV
with psychopathy and healthy controls relate to measures of psychopathy or even 
VSHFLȴF DVSHFWV RI SV\FKRSDWK\2QO\ D IHZ VWXGLHV KDYH UHSRUWHG FRUUHODWLRQDO







LQ WKH ELODWHUDO IURQWRWHPSRUDO FRUWH[ IRU SURFHVVLQJ DIIHFWLYH VWLPXOL 6LPLODU
ȴQGLQJV ZHUH VKRZQ E\0¾OOHU  DQG LQWHUSUHWHG DV GHȴFLHQFLHV LQ WKRVH
circuits that insert top-down control or regulate button-up signals from limbic 
DUHDV LHSUHIURQWDODQG OLPELF UHJLRQV'XULQJ LQKLELWLRQ UHGXFHGGRUVRODWHUDO
SUHIURQWDO DFWLYLW\ KDV EHHQ VKRZQ 6PLWK  5HFHQWO\ VWXGLHV SURYLGHG





,Q JHQHUDO IURQWDO DQG OLPELF DUHDV DUH IXQFWLRQDOO\ LPSDLUHG <DQJ	 5DLQH
$VDOUHDG\VWDWHGDERYHLQRUGHUWRJDLQDFRPSUHKHQVLYHSLFWXUHRIKRZ
neural vulnerabilities predispose a person to maladaptive outcomes associated 
ZLWK SV\FKRSDWK\ LW LV RI LPSRUWDQFH WR GHPRQVWUDWH DVVRFLDWLRQV EHWZHHQ
VSHFLȴFQHXUDOSURFHVVHVDQGIDFHWVRISV\FKRSDWK\&DUUHDQGFROOHDJXHV&DUUH
+\GH1HXPDQQ9LGLQJ	+DULUL  VKRZHG WKDWDP\JGDOD UHDFWLYLW\GXULQJ
SURFHVVLQJRIIHDUIXOIDFLDOH[SUHVVLRQUHODWHGQHJDWLYHO\WRWKHLQWHUSHUVRQDOIDFHW




RI GLɝFXOWLHV LQ DGMXVWLQJ EHKDYLRU EDVHG RQ WKHLU FRQVHTXHQFHV )XUWKHUPRUH












neurocognitive mechanisms as could be done based on knowledge about the same 
SURFHVVHV LQ KHDOWK\ LQGLYLGXDOV 5HLQIRUFHPHQW SURFHVVLQJ LQ WKH KHDOWK\ EUDLQ
is understood in much more detail than described in neurocognitive accounts of 
SV\FKRSDWK\)RUH[DPSOHWKH,(6PRGHOSUHGLFWVG\VIXQFWLRQVLQIRUPLQJVWLPXOXV
UHLQIRUFHPHQWDVVRFLDWLRQV+RZHYHUWKLVFRXOGKDYHPDQ\XQGHUO\LQJFDXVHVVXFK




RXWFRPH DVVRFLDWLRQV ,PSRUWDQWO\ IXQGDPHQWDO QHXURVFLHQFH KDV DGYDQFHG
















1.5. Models and Mechanisms of Learning
$GDSWDWLRQ RI EHKDYLRU FDQ EH GHȴQHG DV WKH SURFHVV RI DFTXLULQJ QHZ RU
PRGLI\LQJH[LVWLQJNQRZOHGJHEHKDYLRUDQGVNLOOV,WFDQKDSSHQLQYDULRXVIRUPV
VXFKDVSDUWRIHGXFDWLRQSHUVRQDOGHYHORSPHQWRUWUDLQLQJ,WPD\EHFRQVFLRXV






OHDUQLQJ 7KLV WKHVLV ZLOO IRFXV RQ WZR IRUPV RI DVVRFLDWLYH OHDUQLQJ VWLPXOXV
UHVSRQVH RU LQVWUXPHQWDO RSHUDQW OHDUQLQJ LQYROYLQJ UHLQIRUFHUV DQG VWLPXOXV
RXWFRPHOHDUQLQJRU3DYORYLDQOLNHOHDUQLQJ'XULQJWKHVWLPXOXVUHVSRQVHOHDUQLQJ
WDVN RU UHLQIRUFHPHQW OHDUQLQJ WDVN XVHG LQ WKLV WKHVLV &KDSWHU  SDUWLFLSDQWV
are presented with several stimuli and have to learn to make one of two possible 
UHVSRQVHVWRHDFKVWLPXOXVEDVHGRQIHHGEDFNUHLQIRUFHUVWKH\UHFHLYHDIWHUHDFK
DFWLRQ FRUUHFWLQFRUUHFW $ UHLQIRUFHU LV D WHPSRUDOO\ FRQWLQXRXV HYHQW GLUHFWO\
SURGXFHGE\DUHVSRQVH,WVWUHQJWKHQVRUPDLQWDLQVWKHUHVSRQVHZKLFKSUHFHGHG
WKHHYHQW5HLQIRUFHUV FDQEHSRVLWLYH DSSHWLWLYH LQFUHDVLQJ WKH IUHTXHQF\RI D
UHVSRQVHRUQHJDWLYHDYHUVLYHGHFUHDVLQJWKHIUHTXHQF\RIDUHVSRQVHSULPDU\




$FWLRQV DUH VHOHFWHGEDVHGRQSDVW H[SHULHQFH DQGQHZ FKRLFHV WULDODQGHUURU
OHDUQLQJ 7KH UHLQIRUFHPHQW VLJQDO LVD UHZDUGZKLFK UHȵHFWV WKH VXFFHVVRIDQ
DFWLRQȇVRXWFRPH5HLQIRUFHPHQWOHDUQHUVDLPWRVHOHFWDFWLRQVWKDWPD[LPL]HWKH
DFFXPXODWHGUHZDUGRYHUWLPH





which is akin to pavlovian learning the association is strengthened by repeated 
SDLUHGSUHVHQWDWLRQRIWKHVWLPXOXVDQGWKHRXWFRPH
6HYHUDO QHXURFRJQLWLYH PRGHOV RI DVVRFLDWLYH OHDUQLQJ KDYH EHHQ SURSRVHG
$FFRUGLQJ WR PDQ\ UHVHDUFKHUV GLIIHUHQFHV EHWZHHQ H[SHFWHG DQG DFWXDOO\
REWDLQHGUHLQIRUFHPHQWRUUHZDUGSUHGLFWLRQHUURUVDUHXVHGWRIRUPDQGDGMXVW
associations between actions or stimuli and their consequences or reinforcements 
0RQWDJXH	%HUQV6XWWRQ6XWWRQ	%DUWR,WLVVXJJHVWHGWKDW
these prediction errors can guide decision making by signaling the need to adjust 
EHKDYLRU
7KH5HLQIRUFHPHQW/HDUQLQJ5/PRGHOE\+ROUR\GDQG&ROHVSURSRVHV
WKDW ZKHQ DQ RXWFRPH LV ZRUVH WKDQ H[SHFWHG VXFK DV DQ HUURU LQ D VSHHGHG





SKDVLF LQFUHDVH LQ WRQLF DFWLYLW\ RI WKHPHVHQFHSKDOLF GRSDPLQH V\VWHP:KHQ
RXWFRPHV DUH ZRUVH WKDQ H[SHFWHG D QHJDWLYH HUURU VLJQDO LV VHQW RXW SKDVLF
3DJH_3DJH_ 0RGHOVDQG0HFKDQLVPVRI/HDUQLQJ0RGHOVDQG0HFKDQLVPVRI/HDUQLQJ









A prerequisite for this to occur is that the system has the available knowledge at the 
WLPHRIWKHUHVSRQVHWRGHWHFWWKHHUURULHKDVOHDUQHGWKHWDVNDWKDQGDQGHUURUV
DUHGXH WR LQDWWHQWLRQRU WLPHSUHVVXUHEXWQRWGXH WR ȊQRWNQRZLQJȋ$VLPLODU
component can be observed following error feedback or negative outcomes when 
such feedback/ outcome is necessary for the subject to know whether a preceding 
UHVSRQVHZDVFRUUHFWRULQFRUUHFW7KLVVRFDOOHGIHHGEDFNUHODWHGQHJDWLYLW\)51
is present about 200-400ms after negative compared to positive feedback or 
RXWFRPHV )UDQN:RURFK	&XUUDQ+ROUR\GHWDO1LHXZHQKXLVHW
DO  <DVXGD 6DWR0L\DZDNL .XPDQR	.XERNL  ,W KDVEHHQ VKRZQ
WKDWWKH)51FRGHVIRUSUHGLFWLRQHUURUV)UDQNHWDO+ROUR\G	&ROHV
1LHXZHQKXLV+ROUR\G0RO	&ROHV6FKXOW]'D\DQ	0RQWDJXH$
WKLUG YHUVLRQ LV WKH REVHUYHG (51 R(51ZKLFK LV JHQHUDWHGZKHQSDUWLFLSDQWV
REVHUYH RWKHUV FRPPLWWLQJ DQ HUURU (YLGHQFH WKDW WKH VDPH V\VWHP SURGXFHV




PRGHOV WKHDFWRUȇV WDVN LV WRFKRRVHDFWLRQVWRPRYHDQDJHQWWKURXJKGLIIHUHQW
VWDWHV LQ WKHZRUOGE\XVLQJSROLFLHV HJVWDWHDFWLRQPDSSLQJV(YHU\WLPHWKH
DFWRUHQJDJHVDPRWRUUHVSRQVHWKHQHZVWDWHLVHYDOXDWHGE\WKHFULWLF7KHFULWLFȇV
task is to learn the prediction of rewards from ongoing actions and environmental 




PDLQWDLQV LQWHUQDO UHSUHVHQWDWLRQV RI WKH H[SHFWHG UHZDUGV IRU HDFK SRVVLEOH
DFWLRQLQRUGHUWRFKRRVHWKHDFWLRQZLWKWKHKLJKHVWH[SHFWHGYDOXH2ȇ'RKHUW\HW
DO
/HDUQLQJ EDVHG RQ DIIHFWLYH LQIRUPDWLRQ VXFK DV D UHLQIRUFHU IHHGEDFN RU
RXWFRPHFDQWDNHWZRIRUPVGXULQJPRGHOIUHHRUKDELWXDO OHDUQLQJQRH[SOLFLW
PRGHO RI WKH HQYLURQPHQW LV LQYROYHG 'XULQJ PRGHOEDVHG OHDUQLQJ WKH DFWRU
OHDUQVDSSURSULDWHUHVSRQGLQJEDVHGRQDQH[SOLFLWPRGHORIWKHHQYLURQPHQW
Another way in which a stimulus can affect behavior is by evoking a 
UHSUHVHQWDWLRQ RI WKH DIIHFWLYH RXWFRPH DVVRFLDWHG ZLWK WKDW VWLPXOXV 7KHVH
RXWFRPH UHSUHVHQWDWLRQV FDQ WKHQ HOLFLW LQQDWHO\ VSHFLȴHG HYROXWLRQDULO\
SUHSURJUDPPHGRU3DYORYLDQUHVSRQVHELDVHVVXFKDVDSSURDFKDYRLGDQFHDFWLRQ















thesis I will investigate several stages of the above outlined cascade of learning-
UHODWHGSURFHVVHVFigure 1.1. is provided to give the reader a schematic overview of 
WKHSURFHVVHVDQGWKHLULQWHUUHODWLRQ,UHSUHVHQWVDSSURDFKDYRLGDQFHWHQGHQFLHV
WULJJHUHGE\DVWLPXOXVLQYHVWLJDWHLQFKDSWHU,,UHSUHVHQWVWKHSURFHVVZKHUH
































Figure 1.1. Conceptual representation of processes related to affective outcome 







6XEMHFWV VHH IDFLDO H[SUHVVLRQV KDSS\ DQJU\ QHXWUDO DQGKDYH WRSXVK WKHVH


















predict the outcome after each stimulus presentation with a button press (win/
ORRVH$IWHULQGLFDWLQJWKHLUSUHGLFWLRQWKHDFWXDORXWFRPHLVSUHVHQWHG/HDUQLQJ







LQ WKH FDVH RI D ZLQFXH DQG QR UHZDUG DQWLFLSDWLRQ LQ FDVH RI D QRZLQFXH
1H[WDYLVXDOWDUJHW LVSUHVHQWHGDIWHUZKLFKVXEMHFWVKDYHWRSUHVVDEXWWRQLQ




1.6. Aim and Scope of this thesis
$V RXWOLQHG DERYH SV\FKRSDWKLF LQGLYLGXDOV SUHVHQW ZLWK OHDUQLQJ SUREOHPV
UHȵHFWHGLQWKHLQFDSDFLW\WRȵH[LEO\DGDSWEHKDYLRU LQDFKDQJLQJHQYLURQPHQW
Understanding the mechanisms underlying persistent maladaptive behavior is not 
RQO\UHOHYDQWIRUUHȴQLQJH[LVWLQJPRGHOVRISV\FKRSDWK\EXWDOVRIRUWKHFOLQLFDO
IRUHQVLFH[SHUWLVHȴHOG$IWHUDOODPDMRUJRDORIWKHUDSHXWLFLQWHUYHQWLRQVLVWKDW
patients learn to control maladaptive behavioral tendencies and that they learn new 
DQGPRUHEHQHȴFLDOEHKDYLRUDWWKHVDPHWLPH7KHRYHUDOODLPRIWKLVWKHVLVLVWR
advance our insights into the forms and causes of decreased learning which might 
H[SODLQ WKH WUHDWPHQW UHVLVWDQFH RI SV\FKRSDWK\ LQ DGXOWV 'LIIHUHQW SDUDGLJPV
involving processes related to reinforcement learning and different techniques 






&KDSWHU  LV DQ LQYHVWLJDWLRQ RI RXWFRPH DQWLFLSDWLRQ LQ SV\FKRSDWK\ 7KH
IRUPDWLRQRIDQRXWFRPHH[SHFWDQF\RUDQWLFLSDWLRQRIDQRXWFRPHLVDSUHUHTXLVLWH
for the above described reinforcement learning as it is needed for the comparison 
EHWZHHQ WKH H[SHFWHG DQWLFLSDWHG DQG DFWXDO RXWFRPH UHȵHFWHG LQ WKH (51
&KDSWHU LQYHVWLJDWHV WKHSURFHVVRIRXWFRPHDQWLFLSDWLRQE\PHDQVRI VWULDWDO
DFWLYLW\PHDVXUHGZLWKI05,
Chapter 4 is an investigation of the processing of the actual outcome and the 
FRPSDULVRQRIWKHDFWXDODQGH[SHFWHGRXWFRPHVDVLQGH[HGE\YDULDQWVRIWKH(51
GXULQJ D VWLPXOXVUHVSRQVH OHDUQLQJ SDUDGLJP XVLQJ UHLQIRUFHUV 7KH SDUDGLJP
allows us to separate learning based on deterministic feedback from learning 
EDVHGRQ LQFRQVLVWHQW IHHGEDFN ,QDGGLWLRQ WRSHUIRUPDQFHZHZLOO LQYHVWLJDWH




OHDUQLQJ WDVN XVLQJ SULPDU\ RXWFRPHV IDFLDO H[SUHVVLRQV LQ KHDOWK\ FRQWUROV
+HUH ZH VKRZ HIIHFWV RI H[SHFWDQF\ DQG YDOHQFH RQ (51 DPSOLWXGHV IROORZLQJ
IDFLDORXWFRPHVLQDSDUDGLJPZKHUHERWKSRVLWLYHDQGQHJDWLYHH[SUHVVLRQVFDQ




 7KH WDVN LV GHVLJQHG WR GLVHQWDQJOH EHKDYLRUDO DGDSWDWLRQ EDVHG RQ SRVLWLYH
DQGQHJDWLYHRXWFRPHVLHSRVLWLYHDQGQHJDWLYHSUHGLFWLRQHUURUFRGLQJ:KLOH
FKDSWHUIRFXVHVRQVWLPXOXVUHVSRQVHOHDUQLQJWKLVFKDSWHULQYHVWLJDWHVVLPLODU
processes in stimulus-outcome learning where an outcome is independent of the 
UHVSRQVH
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Abstract
3V\FKRSDWK\ 33 LV DVVRFLDWHG ZLWK PDUNHG DEQRUPDOLWLHV LQ VRFLDO HPRWLRQDO
EHKDYLRU VXFK DV KLJK LQVWUXPHQWDO DJJUHVVLRQ ,$ $ FUXFLDO EXW ODUJHO\
ignored question is whether automatic social approach-avoidance tendencies 
PD\XQGHUOLH WKLV FRQGLWLRQ:H WHVWHGZKHWKHURIIHQGHUVZLWK33 VKRZ ODFNRI
DXWRPDWLFDYRLGDQFHWHQGHQFLHVXVXDOO\DFWLYDWHGZKHQKHDOWK\LQGLYLGXDOVDUH
FRQIURQWHG ZLWK VRFLDO WKUHDW VWLPXOL DQJU\ IDFHV :H DSSOLHG D FRPSXWHUL]HG
DSSURDFKDYRLGDQFH WDVN $$7ZKHUHSDUWLFLSDQWVSXVKHGRUSXOOHGSLFWXUHVRI
HPRWLRQDOIDFHVXVLQJDMR\VWLFNXSRQZKLFKWKHIDFHVGHFUHDVHGRULQFUHDVHGLQ
VL]H UHVSHFWLYHO\ )XUWKHUPRUH SDUWLFLSDQWV FRPSOHWHG DQ HPRWLRQ UHFRJQLWLRQ
WDVNZKLFKZDVXVHGWRFRQWUROIRUGLIIHUHQFHVLQUHFRJQLWLRQRIIDFLDOHPRWLRQV,Q
FRQWUDVWWRKHDOWK\FRQWUROV+&33SDWLHQWVVKRZHGWRWDODEVHQFHRIDYRLGDQFH






3V\FKRSDWK\ 33 IRUPV D VLJQLȴFDQW HPRWLRQDO DQG HFRQRPLF EXUGHQ IRU
VRFLHW\$OWKRXJK LW LV FKDUDFWHUL]HGE\ VHYHUHDEQRUPDOLWLHV LQ VRFLDOHPRWLRQDO
EHKDYLRUHJDQWLVRFLDOEHKDYLRUDJJUHVVLRQODFNRIJXLOWDQGUHPRUVHWKHH[DFW
mechanisms underlying this psychopathological pattern of behavior remain poorly 
XQGHUVWRRG 3V\FKRSDWKV W\SLFDOO\ VKRZ LQFUHDVHG LQVWUXPHQWDO DJJUHVVLYH
EHKDYLRU LQVRFLDOVLWXDWLRQV *OHQQ	5DLQH ,QVWUXPHQWDODJJUHVVLRQ ,$
LVYLHZHGDVSUHPHGLWDWHGFDOFXODWHGDQGJRDOGLUHFWHG$OWKRXJKWKLVEHKDYLRUDO
pattern may result from alterations in very basic social approach and avoidance 
WHQGHQFLHVQRVWXGLHVKDYHGLUHFWO\WHVWHGWKLVSUHPLVH
Social emotional behavior can be roughly divided into social approach and social 
DYRLGDQFH 'DYLGVRQ 6DURQ 6HQXOLV (NPDQ	 )ULHVHQ *UD\  /DQJ




DFWLYDWH DYRLGDQFH WHQGHQFLHV &KHQ 	 %DUJK  5ROOV  HPSKDVL]HG
WKHLPSRUWDQFHRIIDFLDOH[SUHVVLRQVDVLQSXWIRUWKHVHV\VWHPVFRQYH\LQJVRFLDO









ZLWK DEQRUPDO VRFLDO EHKDYLRU %ODLU 0LWFKHOO 	 %ODLU  /\NNHQ HYHQ
GHVFULEHVODFNRIIHDUDVDQHWLRORJLFDOIDFWRURISV\FKRSDWK\/RZIHDU+\SRWKHVLV
/\NNHQ %ODLU LQKLV YLROHQFH LQKLELWLRQPRGHO VXJJHVWV WKDW WKHDEVHQFH
of fear to distress cues of others contributes to the emergence of violence (Blair 
HWDO(PSLULFDOO\SDWLHQWVZLWKSV\FKRSDWK\ IRUH[DPSOH VKRZUHGXFHG








HW DO  9ROPDQ HW DO  ,Q WKH FRQWH[W RI WKHVH LQVLJKWV LQVWUXPHQWDO
DJJUHVVLRQ LQ SV\FKRSDWK\ PD\ EH H[SODLQHG E\ OLPLWHG DQG ELDVHG UHVSRQVH
repertoires such as lack of automatic avoidance or even automatic aggressive 
DSSURDFKEHKDYLRUWRWKUHDWVWLPXOLHJ&ULFN	'RGJH'RGJH	&ULFN
2URELRGH&DVWUR0HUN.RRSV9HHUPDQ	%RVFK+RZHYHUPRVWUHVHDUFK
on behavioral responses in psychopathy were based on questionnaires or were 
GLUHFWHGDWQRQDXWRPDWLFFRQWUROOHGEHKDYLRUZKHUHDVKXPDQEHKDYLRULVODUJHO\
driven by implicit and automatic action tendencies as shown by work from Bargh 
DQG&KDUWUDQG
7KHPDMRUDLPRIWKHSUHVHQWLQYHVWLJDWLRQZDVWRREMHFWLYHO\DVVHVVDXWRPDWLF
VRFLDO DSSURDFK DQG DYRLGDQFHEHKDYLRU LQ SDWLHQWVZLWKSV\FKRSDWK\ $ GLUHFW
objective way to measure social approach and avoidance behavior is by using 
reaction-time tasks in which participants either push emotional faces away 
RU SXOO WKH IDFHV WRZDUGV WKHP XSRQ ZKLFK WKH IDFHV GHFUHDVH RU LQFUHDVH LQ
VL]H UHVSHFWLYHO\ WKH ]RRPLQJ VRFLDO DSSURDFKDYRLGDQFH WDVN $$7 +HXHU HW
DO *HQHUDOO\ LQGLYLGXDOV DUH IDVWHUZKHQ WKHPRYHPHQW LV FRQJUXHQW WR
WKHLU DXWRPDWLF WHQGHQF\ WRDSSURDFKKDSS\ IDFHVDQG WRDYRLGDQJU\ IDFHV DV
compared to affect-incongruent conditions in which individuals have to override 
these automatic action tendencies and have to select a rule-driven response (push 
KDSS\ DZD\ DQG SXOO DQJU\ IDFHV WRZDUGV WKHP &KHQ	 %DUJK  5RHORIV




RI DXWRPDWLF DFWLRQ WHQGHQFLHV 6R IDU SV\FKRSDWK\ UHVHDUFK KDV EHHQPDLQO\
IRFXVVHGRQSHUFHSWXDOSURFHVVLQJRI IHDUIXO IDFHV ,Q WKHSUHVHQW VWXG\ZHDUH
























PP (N=17) HC (N=15) Statistic p-value 
(2-tailed)
Age   t  
,41/9   t  
IRI total   t  
,5,3'   t  
,5,)   t  
,5,37   t  
,5,(&   t  
3&/5WRWDO  - - -
3&/5)DFWRU  - - -
3&/5)DFWRU  - - -
534B,$ 
534B5$ 





\USD   GLDJQRVHGZLWKDSV\FKRSDWK\ VFRUHRI Ȳ 6FK¸QEHUJHU 
DFFRUGLQJWRWKH3V\FKRSDWK\&KHFN/LVW5HYLVHG3&/5+DUHIURPWKHLQ









PDOH FRQWUROVPDWFKHG IRU DJHDQG ,4ZLWKRXW FULPLQDO UHFRUGVRU DKLVWRU\RI
SV\FKLDWULFGLVRUGHUVZHUHUHFUXLWHGE\DGYHUWLVHPHQWIRUJURXSFKDUDFWHULVWLFV
see Table 2.1. 3DUWLFLSDQWV LQ ERWK JURXSVZHUH FKHFNHG IRU GUXJXVH DQG IRU
medical/neurological history27KHUHZHUHQRGLIIHUHQFHVEHWZHHQWKHJURXSVRQ









YHUVLRQV ZLWK DYHUWHG JD]H ORRNLQJ OHIW DQG ULJKW UHVSHFWLYHO\ UHVXOWLQJ LQ 
VWLPXOLDFWRUVHPRWLRQVJD]HGLUHFWLRQV
,QVL[EORFNVSXVKKDSS\ȂSXOOQHXWUDOSXOOKDSS\ȂSXVKQHXWUDOSXVKQHXWUDOȂ
SXOO DQJU\ SXOO QHXWUDOȂSXVK DQJU\ SXOO KDSS\ȂSXVK DQJU\ SXVK KDSS\ȂSXOO
DQJU\ ZH SUHVHQWHG  H[SHULPHQWDO WULDOV LQ D VHPLUDQGRP RUGHU ZLWK WKH




3LFWXUHV ZHUH SUHVHQWHG RQ D FRPSXWHU VFUHHQ ZLWK D UHVROXWLRQ RI 
[SL[HOV$ MR\VWLFNRI WKH W\SH/RJLWHFK$WWDFNZDVSODFHGEHWZHHQ WKH
SDUWLFLSDQWDQGWKHFRPSXWHUVFUHHQ3DUWLFLSDQWVZHUHSRVLWLRQHGLQVXFKDZD\


















$ SUDFWLFH SKDVH LQ ZKLFK SLFWXUHV GLG QRW GLVDSSHDU DIWHU DQ HUURQHRXV
UHVSRQVH DOORZLQJ SDUWLFLSDQWV WR SUDFWLFH XQWLO WKH UHVSRQVH ZDV FRUUHFW
SUHFHGHGWKHH[SHULPHQWDOSKDVHLQZKLFKQRIHHGEDFNZDVSURYLGHG3DUWLFLSDQWV
ZHUH LQVWUXFWHG WR UHVSRQG DV IDVW DQG DV DFFXUDWH DV SRVVLEOH $V DPHDVXUH
of approach and avoidance tendencies the reaction time to initiate the joystick 
PRYHPHQWZDVXVHG





DQG )ULHVHQ SLFWXUHGDWDEDVHZHUH FKRVHQ 6:3(0)02 --:) 7KLV
OHDGV WR D WRWDO RI  VWLPXOL 7KH WDVN UHTXLUHV WZR UHVSRQVHV RQH LQGLFDWLQJ
WKHWLPHQHHGHGWRLGHQWLI\WKHH[SUHVVLRQYLHZLQJWLPHDQGRQHLQGLFDWLQJWKH
HPRWLRQLGHQWLȴHG1RIHHGEDFNZDVJLYHQGXULQJWKHWDVN(DFKWULDOEHJDQZLWK
WKH SUHVHQWDWLRQ RI D IDFLDO H[SUHVVLRQ FP IRU DPD[LPXPRI PV
3DUWLFLSDQWVZHUH LQVWUXFWHG WRSUHVV WKH VSDFHEDU DV VRRQDV WKH\ NQHZZKDW
H[SUHVVLRQZDVVKRZQ ,I WKHVSDFHEDUZDVSUHVVHGRU WKHPD[LPXPVWLPXOXV
GXUDWLRQKDGEHHQUHDFKHGDUHVSRQVHVFUHHQZDVVKRZQRQZKLFKWKHVXEMHFW
VDZDOO H[SUHVVLRQVDQGD FRUUHVSRQGLQJQXPEHUZKLFKKDG WREHSUHVVHG LQ
RUGHUWRLQGLFDWHZKLFKHPRWLRQZDVVHHQ7KHUHZDVQRUHVSRQVHWLPHOLPLWIRU




RQQHXWUDOKDSS\DQGDQJU\ IXOOEORZQH[SUHVVLRQV DQJU\F p 
KDSS\F p QHXWUDOF p VHH
Table 2.2.
Table 2.2. 0HDQ QXPEHU RI FRUUHFW UHVSRQVHV VWDQGDUG HUURUV IRU IXOO EORZQ
KDSS\ DQJU\ DQG QHXWUDO H[SUHVVLRQ IRU LQGLYLGXDOV ZLWK SV\FKRSDWK\ 33 DQG
KHDOWK\FRQWUROVXEMHFWV+&
























REWDLQHG,QWKLVVWXG\VFRUHVRISDWLHQWVN PHDQVFRUH,$ SD 
PHDQVFRUH5$ SD EXWQRWRIFRQWUROVDUHDYDLODEOHVHHTable 2.1.
2.2.3. Procedure
3DUWLFLSDQWV UHFHLYHG ZULWWHQ LQIRUPDWLRQ DERXW WKH H[SHULPHQW DQG VLJQHG DQ
LQIRUPHG FRQVHQW EHIRUH EHLQJ VFUHHQHG IRU SV\FKLDWULF H[FOXVLRQ FULWHULD by 
WUDLQHG SV\FKRORJLVWV XVLQJ WKH 6&,',, DQG0,1, 1H[W SDUWLFLSDQWV FRPSOHWHG
WKH,5,DQGWKH534$OOTXHVWLRQQDLUHVZHUHȴOOHGLQEHIRUHSDUWLFLSDQWVUHWXUQHG
for a second test session in which they performed the morphed facial emotions 
UHFRJQLWLRQWDVNWKHWZRYHUVLRQVRIWKH$$7GLUHFWDQGLQGLUHFWYHUVLRQDUHYHUVDO
OHDUQLQJ WDVN UHSRUWHGHOVHZKHUHDQG UHFHLYHGDȴQDQFLDO UHLPEXUVHPHQW7KH














6XEVHTXHQWO\$$7HIIHFW VFRUHVZHUH FDOFXODWHG IRUDQJU\ IDFHVSHU FHOO >FHOO
GHȴQHGE\*URXSDQG*D]H@E\VXEWUDFWLQJWKHLQGLYLGXDOORJWUDQVIRUPHGPHDQ
57V IRUSXOOPRYHPHQWV IRUPWKH LQGLYLGXDO ORJWUDQVIRUPHGPHDQ57V IRUSXVK
PRYHPHQWV1HJDWLYH$$7HIIHFWVFRUHV LQGLFDWHVWURQJHUDYRLGDQFHDQGSRVLWLYH
HIIHFWVFRUHV UHȵHFW VWURQJHU DSSURDFK WHQGHQFLHV HJ +HXHU HW DO :H
3V\FKLDWULF H[FOXVLRQ FULWHULD 'HSUHVVLYH 'LVRUGHU %LSRODU 'LVRUGHU 6FKL]RSKUHQLD
6FKL]RDIIHFWLYH 'LVRUGHU 6FKL]RSKUHQLIRUP 'LVRUGHU 'HOXVLRQDO DQG RWKHU 3V\FKRWLF
'LVRUGHUV6FKL]RLGRU6FKL]RW\SLFDO3'&XUUHQW$OFRKRODQG6XEVWDQFHLQWR[LFDWLRQȴUVW
GHJUHHUHODWLYHVZLWK'60,9D[LV,VFKL]RSKUHQLDRUVFKL]RSKUHQLIRUPGLVRUGHU










FRQWULEXWHG XQLTXH YDULDQFH WR WKH $$7 HIIHFWVFRUHV IRU DQJU\ IDFHV LQ WKH 33








of our measures we will on a side note report correlations between the empathic 
FRQFHUQVFDOHWKH3&/5VFRUHVDQGPRYHPHQWSDUDPHWHUVIRUDOOWKUHHHPRWLRQV
LQWKHGLUHFWJD]HFRQGLWLRQ
)RU DOO DQDO\VHV DOSKD ZDV VHW DW  (IIHFWVL]HV RI VLJQLȴFDQW UHVXOWV DUH
UHSRUWHGZLWKWKH&RKHQȇVd
2.3. Behavioral results 
2.3.1. AAT
0HDQ57VDUHSUHVHQWHGLQTable 2.3.33VDQG+&GLGQRWGLIIHUZLWKUHVSHFWWRHUURU
rates (overall t p DQGLQUHODWLRQWR(PRWLRQDOOp !RU
0RYHPHQWDOOp!*URXSVGLGDOVRQRWGLIIHUZLWKUHVSHFWWRRYHUDOO57F















Angry 3XOO    
3XVK    
Happy 3XOO    
3XVK    
Neutral 3XOO    
3XVK    
$Q UP $129$ IRU WKH 57V WR DQJU\ IDFHV UHVXOWHG LQ D VLJQLȴFDQW
*URXS*D]H0RYHPHQWLQWHUDFWLRQF p Ƒt &RKHQȇV
d    7KHUHZHUHQRRWKHU VLJQLȴFDQWPDLQRU LQWHUDFWLRQHIIHFWV DOOp > 
7RH[SORUHWKHWKUHHZD\LQWHUDFWLRQZHFRQGXFWHGVHSDUDWHDQDO\VHVIRU
WKH DYHUWHG DQG GLUHFW JD]H VWLPXOL $V H[SHFWHG WKHUHZHUH QR VLJQLȴFDQW $$7
effect-scores elicited by the averted gaze stimuli (F p Ƒt 
&RKHQȇVd EXWWKHUHZDVDVLJQLȴFDQW0RYHPHQW*URXSLQWHUDFWLRQIRU
the angry faces presented with direct gaze (F p Ƒt 
&RKHQȇVd :KHUHDV+&VKRZHGWKHH[SHFWHGVLJQLȴFDQW$$7HIIHFWVFRUHV
SXVKYHUVXVSXOOIRUWKHDQJU\IDFHVZLWKGLUHFWJD]Ht p 33
did not show this effect (t p VHHFigure 2.1.
)RU+& WKH$$7HIIHFWVFRUH IRU DQJU\GLUHFW JD]H IDFHVGLIIHUHG VLJQLȴFDQWO\
from zero (t p ZKLOHWKLVZDVQRWWUXHIRUDQJU\DYHUWHGJD]H
pictures (t p LQWKHVDPHJURXS)RUWKH33JURXSQRQHRI
WKHDQJU\IDFH$$7HIIHFWVFRUHVGLIIHUHGVLJQLȴFDQWO\ IURP]HUR VWUDLJKW t 
p DYHUWHGt p 7RJHWKHUWKHVHȴQGLQJVVKRZWKDW
ZKHUHDV+&GRVKRZWKHH[SHFWHGDYRLGDQFHWHQGHQFLHVWRZDUGVDQJU\IDFHV33
lack these avoidance tendencies towards social threat cues and even show a (non-
VLJQLȴFDQWWHQGHQF\WRDSSURDFKWKHP








































Straight gaze Averted gaze
3V\FKRSDWKV
Controls
Figure 2.1. /RJ WUDQVIRUPHG $$7 HIIHFWVFRUHV VWDQGDUG HUURUV IRU LQGLYLGXDOV
ZLWKSV\FKRSDWK\33GDUNJUH\DQGFRQWUROSDUWLFLSDQWV+&OLJKWJUH\RQDQJU\
IDFLDOH[SUHVVLRQVIRUSXOODSSURDFKDQGSXVKDYRLGFRQGLWLRQV
1H[W ZH FKHFNHG ZKHWKHU JURXS GLIIHUHQFHV LQ WKUHDW DYRLGDQFH WHQGHQFLHV






2.3.2. Relation instrumental aggression and personal distress
A multiple regression analysis was conducted to determine if instrumental 
DJJUHVVLRQ 534B,$ DQG SHUVRQDO GLVWUHVV ,5,B3' FRQWULEXWHG XQLTXH YDULDQFH
WRWKHSUHGLFWLRQRI$$7HIIHFWVFRUHVIRUDQJU\GLUHFWJD]HIDFHVZLWKLQWKHJURXS
RI33$VLJQLȴFDQWPRGHOHPHUJHGF p DGMXVWHGR2 


























ORJWUDQVIRUPHG DQG WKH LQVWUXPHQWDO DJJUHVVLRQ VXEVFDOH RI WKH 534 IRU
SV\FKRSDWKLFLQGLYLGXDOV
6LPLODU DQDO\VHV ZLWK RQO\ ,5,B3' VFRUHV IRU WKH +& UHYHDOHG QR VLJQLȴFDQW
model (F p Figure 2.2. LOOXVWUDWHVWKDW33VFRULQJKLJKRQ
LQVWUXPHQWDODJJUHVVLRQVKRZGLPLQLVKHGDYRLGDQFHRIDQJU\GLUHFWJD]HSLFWXUHV
Figure 2.3. VKRZV WKDW 33 VFRULQJ ORZ RQ SHUVRQDO GLVWUHVV VKRZV GLPLQLVKHG
DYRLGDQFHRIDQJU\GLUHFWJD]HSLFWXUHVZKLOHWKRVH33VFRULQJKLJKVKRZVLPLODU
DYRLGDQFHDV+&4
4 Additional correlation analyses were performed on the empathic concern scale which 
KDVEHHQOLQNHGWRSV\FKRSDWK\EHIRUH5HVXOWVQRWFRUUHFWHGIRUPXOWLSOHFRPSDULVRQ
VKRZWKDWWKHHPSDWKLFFRQFHUQVFDOHLVUHODWHGWRWKH3&/5IDFWRUr p 
3&/5IDFWRUp 3&/5WRWDOp EXWQRWWRWKH$$7HIIHFWVFRUHp 
)XUWKHUPRUH WKH,5,3'DQG534B,$VFDOHVZHUHQRWFRUUHODWHGp  5HVXOWVDOVR






























Aim of the present study was to directly and objectively assess mechanisms of social 
DSSURDFKDQGDYRLGDQFHEHKDYLRULQSV\FKRSDWK\7KUHHPDMRUȴQGLQJVHPHUJHG
IURP WKLV VWXG\ )LUVW 33 VKRZHGGLPLQLVKHGDYRLGDQFHRI DQJU\ IDFHV 6HFRQG
LPSDLUHGDYRLGDQFHRIVRFLDOWKUHDWZDVUHODWHGWRVSHFLȴFDVSHFWVRISV\FKRSDWK\
that are instrumental aggression and levels of personal distress measured by the 
,5, 7KH OHVV DYRLGDQFH WHQGHQFLHV LQGLYLGXDOV ZLWK SV\FKRSDWK\ KDYH WRZDUGV
DQJU\ IDFHV WKH KLJKHU WKH OHYHOV RI LQVWUXPHQWDO DJJUHVVLRQ )LQDOO\ WKLV HIIHFW
ZDVUHODWHGWRWKHDELOLW\WRH[SHULHQFHIHHOLQJVRIGLVFRPIRUWHJDQ[LHW\ZKHQ
REVHUYLQJ DQRWKHUȇV QHJDWLYH H[SHULHQFHV 7KHVH ȴQGLQJV DQG WKHLU LPSOLFDWLRQV
ZLOOEHGLVFXVVHGEHORZ
7KH SUHVHQW VWXG\ LV WKH ȴUVW WR VKRZ WKDW YLROHQW RIIHQGHUV GLDJQRVHGZLWK
33 VKRZD ODFNRI VRFLDO WKUHDW DYRLGDQFH WHQGHQFLHV1RUPDOO\ DQ DQJU\ IDFLDO
H[SUHVVLRQ IXQFWLRQV DV D WKUHDW VLJQDO FRQYH\LQJ DJJUHVVLRQ E\ WKH H[SUHVVHU










LQWHUDFWLRQ 5RHORIV 0LQHOOL HW DO  ,W PLJKW WKXV QRW RQO\ EH D UHGXFHG
UHDFWLYLW\WRRWKHUVȇIHDUIXOH[SUHVVLRQWKDWOHDGVWRKHLJKWHQHGDJJUHVVLRQEXWDOVR





those psychopaths who show the lowest avoidance tendencies have the highest 
LQVWUXPHQWDODJJUHVVLRQVFRUHV%DVHGRQWKHVHȴQGLQJVZHSURSRVHWKHODFNRI
DXWRPDWLF WKUHDWDYRLGDQFH WHQGHQFLHV LQ33PD\EHDWKHDUWRI WKHDJJUHVVLRQ
V\PSWRPV LQ 33 7KLV LQWHUSUHWDWLRQ ȴWV ZLWK WKH VRFLDO LQIRUPDWLRQSURFHVVLQJ
PRGHO ZKLFK SUHGLFWV WKDW WKH SUHVHQFH RI DEQRUPDO UHVSRQVH UHSHUWRLUHV LQ









WR DFFRPSOLVKLQJ SHUVRQDO JRDOV 7KXV DOWKRXJK LQVWUXPHQWDO DJJUHVVLRQ LV





ZHUH VSHFLȴF IRU DQJU\ IDFHV DQG QRW IRU QHXWUDO RU KDSS\ DQG HPHUJHG RQO\
for those angry face stimuli where the anger was directly communicated to the 
SDUWLFLSDQWGLUHFWJD]HLQGLFDWLQJWKDWRXUȴQGLQJVDUHGXHWRVSHFLȴFH[SUHVVHU
driven motivational changes and not to changes in stimulus-response-compatibility 




2XU ȴQGLQJV VXJJHVW WKDW DOWHUDWLRQV LQ VRFLDO PRWLYDWLRQDO EHKDYLRU LQ 33
DUHPDQLIHVWHGRQDEDVLFOHYHORIDXWRPDWLFDFWLRQWHQGHQFLHV7KRVHDSSURDFK
DYRLGDQFHDFWLRQ WHQGHQFLHV DUH LPPHGLDWHO\ DFWLYDWHGXSRQH[SRVXUH WR VRFLDO
threat stimuli and are likely mediated by direct connections between the amygdala 
DQG EUDLQVWHP VWUXFWXUHV DV WKH SHULDTXDGXFWDO JUD\ HJ $SSOHJDWH .DSS
8QGHUZRRG	0F1DOO7KHIDFWWKDWWKHEHKDYLRUDODOWHUDWLRQVPD\EHSUHVHQW
LQ VXFK EDVLF OHYHOV RI HPRWLRQ SURFHVVHVPD\ KHOS WR H[SODLQ WKH SHUVLVWHQFH
RI33DQGPD\KDYH LPSOLFDWLRQ IRU LWV WUHDWPHQW7KHUDSHXWLF LQWHUYHQWLRQVDUH
XVXDOO\DLPHGDWFKDQJLQJH[SOLFLWDQGFRQWUROOHGEHKDYLRU:RQJ	+DUH
2XUȴQGLQJV LQGLFDWH WKDW LQWHUYHQWLRQV IRFXVVLQJRQ FKDQJLQJDXWRPDWLFDFWLRQ
WHQGHQFLHV PD\ EH IUXLWIXO DV ZHOO 6XFK WHFKQLTXHV ZKHUHE\ SDUWLFLSDQWV DUH
WUDLQHGWRDSSURDFKRUDYRLGIHE\SXOOLQJRUSXVKLQJDMR\VWLFNKDYHEHHQSURYHQ
WREHVXFFHVVIXOLQWKHGRPDLQRIDGGLFWLRQ:LHUV5LQFN.RUGWV+RXEHQ	6WUDFN
 DQG VWHUHRW\SLQJ EHKDYLRU .DZDNDPL 'RYLGLR0ROO +HUPVHQ 	 5XVVLQ
 .DZDNDPL 3KLOOV 6WHHOH 	 'RYLGLR  $SDUW IURP VXFK DSSOLFDWLRQV
RXUȴQGLQJVUDLVHWKHTXHVWLRQVZKHWKHUVXFFHVVIXODJJUHVVLRQWUHDWPHQWLQ33
results in altered action tendencies and whether such changes in automatic action 
WHQGHQFLHVDUHSUHGLFWLYHRIFULPLQDOUHFLGLYLVP
)LQDOO\ LW LV LQWHUHVWLQJ WR UHODWH RXU FXUUHQW UHVXOWV WR ȴQGLQJV IURP UHFHQW
QHXURLPDJLQJ UHVHDUFK VKRZLQJ WKDW FRQWURO RI VRFLDO DSSURDFKDYRLGDQFH
tendencies depends on amygdala-frontal circuits that have also been implied 
LQ33 %LUEDXPHUHWDO5RHORIV0LQHOOLHWDO9ROPDQHWDO
,QWHUHVWLQJO\ HQGRJHQRXV WHVWRVWHURQH OHYHOVPRGXODWH DFWLYLW\ LQ WKHVH FLUFXLWV
GXULQJSHUIRUPDQFHRIWKH$$7LQKHDOWK\PDOHV9ROPDQHWDOUDLVLQJWKH









H[WHQVLYHO\ WKHUHE\ SRVVLEOHZHDNQHVVHV DUH QRW IXOO\ H[SORUHG \HW:H XVHG D
UHODWLYHO\ VPDOO EXW KRPRJHQHRXV LQ WHUPV RI FRPRUELGLW\ PHGLFDWLRQ XVH
WKHUDSHXWLFFRQWH[WHWFJURXSRIYLROHQWRIIHQGHUVZLWKSV\FKRSDWK\2QHVKRXOG
EH FDUHIXO ZLWK JHQHUDOL]LQJ WKH UHVXOWV WR WKH EURDG FRQFHSW RI SV\FKRSDWK\
DV ZH KDYH VKRZQ WKDW LW LV UHODWHG WR VSHFLȴF DVSHFWV RI SV\FKRSDWK\ )XWXUH
LQYHVWLJDWLRQVVKRXOGFRQVLGHUUHODWLQJWKLVȴQGLQJWRPRUHGLPHQVLRQDODSSURDFKHV
RI SV\FKRSDWK\ HJ WKH 7ULDUFKLF &RQFHSWXDOL]DWLRQ RI 3V\FKRSDWK\ 3DWULFN
)RZOHV 	 .UXHJHU  $JJUHVVLRQ VFRUHV ZHUH QRW DYDLODEOH IRU WKH FRQWURO
JURXSDQGZHUHRQO\DYDLODEOHIRURIWKH33V$JJUHVVLRQZDVPHDVXUHGXVLQJ
VHOIUHSRUWTXHVWLRQQDLUHV'XHWRWKHVPDOOVDPSOHVL]HWKHFRUUHODWLRQEHWZHHQ
UHDFWLRQ $$7 HIIHFW DQG DJJUHVVLRQ VKRXOG EH LQWHUSUHWHG DV SUHOLPLQDU\ XQWLO
UHSOLFDWHG)XWXUHLQYHVWLJDWLRQVVKRXOGDLPDWXVLQJPRUHREMHFWLYHPHDVXUHVLQ
ODUJHUVDPSOHV)XUWKHUPRUHDQLPSRUWDQWTXHVWLRQIURPDFOLQLFDOSRLQWRIYLHZLV
how this behavior relates to recidivism which can only be studied with longitudinal 






REMHFWLYH PHDVXUH 9LROHQW RIIHQGHUV GLDJQRVHG ZLWK SV\FKRSDWK\ VKRZHG
VLJQLȴFDQWO\ GLPLQLVKHG DYRLGDQFH RI DQJU\ IDFHV ZKLFK ZDV LQ WXUQ UHODWHG WR
OHYHOVRILQVWUXPHQWDODJJUHVVLRQ7KHȴQGLQJVKRZVWKDWDOWHUDWLRQVLQPRWLYDWLRQDO
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3DJH_3DJH_ ,QWURGXFWLRQ  
Abstract
3V\FKRSDWKLF WUDLWV KDYH EHHQ DVVRFLDWHG ZLWK HQKDQFHG UHZDUG SURFHVVLQJ
6SHFLȴFDOO\ WZRUHFHQWQHXURLPDJLQJVWXGLHV UHYHDOHGHQKDQFHG%2/'VLJQDO LQ
WKHYHQWUDOVWULDWXPGXULQJUHZDUGDQWLFLSDWLRQ LQQRQFOLQLFDO DQGQRQFULPLQDO
samples with high psychopathic traits (measured with the psychopathic personality 
LQYHQWRU\>33,@%MRUN&KHQ	+RPPHU%XFNKROW]HWDO:HDLPHG
WR H[WHQG WKHVH UHVXOWV WR FOLQLFDO VDPSOHV RI FULPLQDO SV\FKRSDWKLF RIIHQGHUV
GLDJQRVHGZLWKWKHSV\FKRSDWK\FKHFNOLVWUHYLVHG>3&/@










WKHKLJK33, FRQWURO JURXS 7KXV WKHUHZDVQRGLIIHUHQFHEHWZHHQ WKH FULPLQDO
RIIHQGHUVDQGWKHKLJK33,FRQWUROJURXSLQWHUPVRIUHZDUGUHODWHGVLJQDOLQWKH
YHQWUDOVWULDWXP+RZHYHU LPSRUWDQWGLIIHUHQFHVEHWZHHQWKHQRQFULPLQDOKLJK
33, FRQWURO VXEMHFWV DQG WKH FULPLQDO RIIHQGHUV ZHUH UHYHDOHG E\ VXEVHTXHQW
SV\FKRSK\VLRORJLFDO LQWHUDFWLRQ DQDO\VHV 7KHUH ZDV H[FHVVLYH IXQFWLRQDO
connectivity between the ventral striatum and a region in the medial prefrontal 
FRUWH[LQ3&/5GHȴQHGSV\FKRSDWKVUHODWLYHWRWKHKLJK33,FRQWUROJURXS
7KHVH GDWD GHPRQVWUDWH WKDW HQKDQFHG SURFHVVLQJ RI UHZDUG LQ WKH YHQWUDO
VWULDWXPJHQHUDOL]HVIURPVXEFOLQLFDOWRFOLQLFDOSV\FKRSDWKLFVDPSOHV&ULWLFDOO\
KRZHYHUGLIIHUHQFHVEHWZHHQFULPLQDODQGQRQFULPLQDOSV\FKRSDWK\PD\UHȵHFW
differential transfer of aberrant reward signalling in the ventral striatum to medial 
IURQWDOUHJLRQVRIWKHEUDLQWKDWFRQWUROGHFLVLRQPDNLQJ
3.1. Introduction
3V\FKRSDWK\LVDSHUVRQDOLW\GLVRUGHUFharacterized by a socially deviant lifestyle 
RQWKHRQHKDQGLQFOXGLQJSRRUEHKDYLRUDOFRQWUROLPSXOVLYHDQWLVRFLDOEHKDYLRU






UHODWHG WR SURFHVVLQJ RI SXQLVKPHQW LQIRUPDWLRQ /\NNHQ  $GGLWLRQDOO\
more recent studies suggest that psychopathy is also accompanied by aberrant 
UHZDUGSURFHVVLQJ$UQHWW6PLWK	1HZPDQ%MRUN&KHQ	+RPPHU
%ODLU HW DO  %XFNKROW] HW DO  1HZPDQ HW DO  3XMDUD0RW]NLQ
1HZPDQ.LHKO	.RHQLJVDQRWLRQWKDW LVYHU\PXFKLQ OLQHZLWKFOLQLFDO
REVHUYDWLRQV 3V\FKRSDWKLF LQGLYLGXDOV VKRZ JRDOGLUHFWHG VHOIUHZDUGLQJ DQG
UXWKOHVVEHKDYLRUDFFRPSDQLHGE\DODFNRIUHPRUVHRUJXLOWIRUGDPDJLQJRWKHUV
LQWKHDFW8QGHUVWDQGLQJWKHUROHRIUHZDUGDQGXQGHUO\LQJQHXUDOPHFKDQLVPV
DUHFUXFLDO IRU IXOO\XQGHUVWDQGLQJDQG WUHDWLQJ WKHEHKDYLRURIFOLQLFDO FULPLQDO
SDWLHQWV ZLWK SV\FKRSDWK\ 7KH DLP RI WKLV VWXG\ LV WR LQYHVWLJDWH WKH QHXUDO
mechanism underlying reward anticipation in clinical and criminal psychopaths by 
PHDQVRIIXQFWLRQDOPDJQHWLFUHVRQDQFHLPDJLQJI05,
(DUO\ PRGHOV ORZ IHDU K\SRWKHVLV /\NNHQ  VHOHFWLYHO\ IRFXVHG RQ
LPSDLUPHQWV LQ UHVSRQVH WR SXQLVKPHQW $UQHWW  EXLOGLQJ RQ *UD\ȇV
SHUVRQDOLW\WKHRU\*UD\KDVVXJJHVWHGWKDWSV\FKRSDWKLFLQGLYLGXDOVSUHVHQW





psychopathy comes from studies showing that aberrant responses to punishment 
ZHUHGHSHQGHQWRQWKHDYDLODELOLW\RIUHZDUGGXULQJDWDVNHJ%ODLUHWDO
1HZPDQHWDO7KLVHIIHFWRIUHZDUGFRQFXUVZHOOZLWKUHFHQWVWXGLHVVKRZLQJ













KRVSLWDO DQG GLDJQRVHG ZLWK WKH 3V\FKRSDWKLF &KHFNOLVW 5HYLVHG 3&/5 +DUH
7KHSULPDU\DLPRIWKLVVWXG\ZDVWRDVVHVVGLIIHUHQFHVLQQHXUDOSURFHVVHV
underlying reward anticipation between individuals with psychopathy and healthy 
FRQWUROVXEMHFWV)XUWKHUPRUHLQRUGHUWRFRQWUDVWKLJKDQGORZSV\FKRSDWKLFWUDLWV
ZLWKLQWKHQRQFULPLQDOJURXSZHIXUWKHUGLYLGHGWKHKHDOWK\FRQWUROJURXSLQWKRVH
who score high (HChighDQGORZ+&lowRQLPSXOVLYHDQWLVRFLDOWUDLWVPHDVXUHVZLWK
DVHOIUHSRUWLQVWUXPHQWWKHSV\FKRSDWKLFSHUVRQDOLW\LQYHQWRU\33,/LOLHQIHOG	
$QGUHZV:HWHVWHGWKHIROORZLQJK\SRWKHVHV
)LUVW ZH DLPHG WR UHSOLFDWH WKDW K\SHUUHDFWLYLW\ RI WKH YHQWUDO VWULDWXP WR




reward related hyperreactivity to be even more pronounced in the psychopathic 
JURXS
,QIDFWWKHUHZHUHQRGLIIHUHQFHVLQK\SHUUHDFWLYLW\EHWZHHQWKHFULPLQDODQG
noncriminal groups (psychopathic group vs HChighLQGLFDWLQJWKDWK\SHUUHDFWLYLW\
per se cannot account for the obvious differences in criminal behavior between 
ERWKJURXSV7KLVSURYLGHGDSX]]OHDQGOHGXVWRRXUQH[WTXHVWLRQ&RXOGLWEHWKDW
the difference between psychopathic individuals and HChigh does not surface in the 









(LJKWHHQPDOHRIIHQGHUVZHUe selected from the in-patient population of a forensic 
psychiatric hospital in the Netherlands1 based on available information about 
FOLQLFDOVWDWXVDQGSULRUKLVWRU\)RXURIIHQGHUVKDGWREHH[FOXGHGGXHWRWHFKQLFDO
problems (N DQGZLWKGUDZDOIURPSDUWLFLSDWLRQN 7KHUHPDLQLQJIRXUWHHQ
RIIHQGHUVZHUHEHWZHHQDQG\HDUVRIDJHPHDQDJH SD OHIW
KDQGHGSUHVHQWLQJZLWKD3&/5VFRUHRIȲDFFRUGLQJWRWKH+DUH3V\FKRSDWK\
&KHFN/LVW5HYLVHG 3&/5+DUHPHDQWRWDOVFRUH SD :H
DVVHVVHGWKHLUSUHPRUELG,4OHYHOVXVLQJWKH'XWFKYHUVLRQRIWKH1DWLRQDO$GXOW
5HDGLQJ7HVW'XWFKYHUVLRQ6FKPDQG%DNNHU6DDQ	/RXPDQ1HGHUODQGVH
/HHVWHVW YRRU 9ROZDVVHQHQ 7ZHQW\ KHDOWK\ PHQ  OHIWKDQGHG PDWFKHG IRU
DJH DQG ,4 PHDQ DJH   SD   ZLWKRXW FULPLQDO UHFRUGV RU D KLVWRU\
RI SV\FKLDWULF GLVRUGHUV ZHUH UHFUXLWHG E\ DGYHUWLVHPHQW 3DUWLFLSDQWV LQ ERWK
groups were checked for drug use and for medical/neurological history2)ROORZLQJ
%XFNKROW]HWDOWKHJURXSRIKHDOWK\FRQWUROVZDVVSOLWLQWZRJURXSV+&high 
and HClowEDVHGRQPHGLDQVFRUHVRQ33,B,$ PHGLDQ 7KH WKUHHJURXSV
were matched on IQ and age (both p!VHHTable 3.1.7KHVWXG\ZDVDSSURYHG
E\WKHORFDO0HGLFDO(WKLFDO&RPPLWWHH1/
 7KH3RPSHVWLFKWLQJLVDȊ7%6FOLQLFȋORFDWHGLQ1LMPHJHQ7%67HUEHVFKLNNLQJVWHOOLQJLV





([FOXVLRQ FULWHULD 8VH RI DOFRKRO PRUH WKDQ  XQLWVGD\ GXULQJ WKH ZHHN SUHFHGLQJ
WKH H[SHULPHQWDO VHVVLRQ DQG XVH RI DOFRKRO ZLWKLQ  KRXUV RI WKH PHDVXUHPHQW
Use of cannabis or other illicit drugs within the week before measurement and use of 
SV\FKRWURSLFPHGLFDWLRQRWKHUWKDQR[D]HSDPGXULQJWKHGD\VEHIRUHPHDVXUHPHQW
8VHRIR[D]HSDPZLWKLQKRXUVEHIRUHPHDVXUHPHQW6PRNLQJZLWKLQKRXUVEHIRUH
PHDVXUHPHQW +LVWRU\ RI WUDXPD FDSLWLV YLVXDO DQG DXGLWRU\ GLVRUGHUV QHXURORJLFDO
GLVRUGHUVȴUVWGHJUHHUHODWLYHZLWKDQ\UHOHYDQWQHXURORJLFDOGLVRUGHUV
3DJH_3DJH_ 0HWKRGV0HWKRGV










Age    
,41/9    
3&/5WRWDO  - - -
3&/5)DFWRU  - - -
3&/5)DFWRU  - - -
3&/5)DFWRU 
3&/5)DFWRU 
33,WRWDO    
33,B)'IDFWRU    
33,B,$IDFWRU    
33,B0(    
33,B63    
33,B&+    
33,B&13)    
33,B)/    
33,B%(    
33,B,1&    
33,B6,    
33,B)' IDFWRURIWKH33,ȆIHDUOHVVGRPLQDQFHȇ33,B,$ IDFWRURIWKH33,ȆLPSXOVLYH
DQWLVRFLDOLW\ȇ 33,B0(   0DFKLDYHOOLDQ (JRFHQWULFLW\ 33,B63   6RFLDO 3RWHQF\ 33,B&+  
&ROGKHDUWHGQHVV 33,B&13)   &DUHIUHH 1RQSODQIXOOQHVV 33,B)/   )HDUOHVVQHVV 33,B%(  
%ODPH([WHUQDOLVDWLRQ33,B,1& ,PSXOVLYH1RQFRQIRUPLVP33,B6, 6WUHVV,PPXQLW\
3.2.2. Procedure











RIDOFRKRO WRXVHQRGUXJVDQGQRSV\FKRWURSLFPHGLFDWLRQ LQ WKHZHHNEHIRUH
WKHVFDQWRGULQNQRDOFRKROKRXUVEHIRUHVFDQQLQJWRQRWVPRNHPRUHWKDQ
FLJDUHWWHVRQWKHVFDQGD\DQGWRQRWVPRNHRQHKRXUEHIRUHWKHVFDQ)XUWKHUPRUH
they were asked to refrain from any caffeinated drinks and chocolate on the scan 
GD\DQGWRUHIUDLQ IURPH[WHQVLYHSK\VLFDOH[HUFLVHDQGKHDY\PHDOVEHIRUH WKH
VFDQVHVVLRQ,QWKHVFDQQHUSDUWLFLSDQWVZRUHHDUSOXJVDQGKHDGSKRQHV)RDP
pads were placed inside the head coil to restrict movement and a heartbeat device 





 PLQXWHV ,PPHGLDWHO\ DIWHU WKH H[SHULPHQW VDOLYD VDPSOHV ZHUH FROOHFWHG
EHIRUHVXEMHFWVFRPSOHWHGWZRRWKHUWDVNVUHSRUWHGHOVHZKHUH
3V\FKLDWULF H[FOXVLRQ FULWHULD GHSUHVVLYH GLVRUGHU ELSRODU GLVRUGHU VFKL]RSKUHQLD





3.2.3. Experimental Task and Questionnaires
Monetary incentive delay task (MID task)
7KH0,'WDVNFRQVLVWHGRIWULDOVSRWHQWLDOO\UHZDUGLQJWULDOVSRWHQWLDOO\QRQ
UHZDUGLQJDQGEDVHOLQHȴ[DWLRQWULDOV(DFKWULDOVWDUWHGZLWKWKHSUHVHQWDWLRQ
of a cue (green square indicating reward trials and red square indicating no-
UHZDUG WULDOV IRU VHFRQGV1H[W DZKLWH FLUFOHZDVSUHVHQWHG WDUJHW WR
ZKLFKWKHSDUWLFLSDQWVKDGWRUHVSRQGDVTXLFNO\DVSRVVLEOHE\SUHVVLQJDEXWWRQ
7KHWDUJHWZDVIROORZHGE\DEODFNVFUHHQIRUPVHFDIWHUZKLFKWKHRXWFRPH
ZDV GLVSOD\HG PVHF LQIRUPLQJ WKH SDUWLFLSDQW DERXW WKH RXWFRPHRI WKH
FXUUHQWWULDODQGWKHWRWDODPRXQWRISRLQWV3DUWLFLSDQWVFRXOGJDLQSRLQW







total amount of points was converted to monetary rewards (1 point resulted in 20 
HXURFHQWVZKLFKZRXOGEHJLYHQDVDERQXV






















MR Image acquisition and analysis
Image acquisition
:KROHEUDLQ LPDJLQJ ZDV SHUIRUPHG RQ D  7HVOD 05 VFDQQHU 0DJQHWURP
6RQDWD6LHPHQV0HGLFDO6ROXWLRQV(UODQJHQ*HUPDQ\XVLQJDQFKDQQHOFRLO




PP VOLFH WKLFNQHVV PPGLVWDQFH IDFWRUȵLSDQJOHr 9LVXDO VWLPXOL
were projected on a screen and were viewed through a mirror attached to the head 
FRLO ,Q DGGLWLRQ D KLJKUHVROXWLRQ 7ZHLJKWHG PDJQHWL]DWLRQSUHSDUHG UDSLG









echotime and consequently applied to images resulting from the three other 
HFKRHV 7KH HFKRLPDJHV ZHUH FRPELQHG E\ DSSO\LQJ D 3$,'ZHLJKW DOJRULWKP
DVVHVVLQJWKHVLJQDOWRQRLVHUDWLRDVGHVFULEHGE\3RVHUHWDO7KLUW\YROXPHV
3DJH_3DJH_ 0HWKRGV0HWKRGV

















WKH WKUHH ULJLGERG\ WUDQVODWLRQV DQG WKUHH URWDWLRQV ZHUH DGGHG WR FDSWXUH
UHVLGXDOPRYHPHQWUHODWHGDUWLIDFWV+LJKSDVVȴOWHULQJVZDVDSSOLHGWRWKH
WLPH VHULHVRI WKH IXQFWLRQDO LPDJHV WR UHPRYH ORZIUHTXHQF\GULIWV 3DUDPHWHU







GHVLJQDW WKHJURXSOHYHOZLWK5HZDUG$QWLFLSDWLRQ  OHYHOV UHZDUGQRUHZDUG
DVZLWKLQVXEMHFWIDFWRUDQG*URXSOHYHOV33+&high/HClowDVEHWZHHQVXEMHFW
IDFWRU 5HVWULFWHG0D[LPXP /LNHOLKRRG HVWLPDWHV RI YDULDQFH FRPSRQHQWV ZHUH
used to allow for unequal variance between subjects and possible deviations from 
sphericity introduced by dependencies between levels in the repeated measures 
IDFWRU )RU WKH IDFWRU*URXS LQGHSHQGHQFLHVEHWZHHQ OHYHOVZHUHDVVXPHG7KH
PDLQHIIHFWVDQGLQWHUDFWLRQVZHUHWKHQFDOFXODWHG
7KH IROORZLQJ &XHUHODWHG FRQWUDVW ZDV XVHG WR IRUPDOO\ WHVW WKH SULPDU\
hypotheses of our study:
 >33UHZDUG Ȃ 33QRUHZDUG@  >+&highUHZDUG Ȃ +&high/no-reward] - 2 * 
[HClowUHZDUGȂ+&low/no-reward]
6LJQLȴFDQWHIIHFWVUHYHDOHGE\WKLVFRQWUDVWUHȵHFWDUHDVZKHUHWKHUHLVDK\SHU
reactivity during reward anticipation relative to no-reward anticipation for criminal 
SV\FKRSDWKVDQGKHDOWK\FRQWUROZLWKKLJKSV\FKRSDWKLFWUDLWVUHODWLYHWRKHDOWK\
FRQWUROVZLWKORZSV\FKRSDWKLFWUDLWVDVPHDVXUHGZLWKWKH33,B,$IDFWRU
Any region revealed by the previous contrast was assessed with the following 
contrast for differences between the group of psychopaths and healthy controls 
ZLWKKLJKSV\FKRSDWKLFWUDLWVDFFRUGLQJWRK\SRWKHVLVVHHLQWURGXFWLRQ
 >33UHZDUGȂ33QRUHZDUG@>+&nKLJKUHZDUGȂ+&high/no-reward]
)RU WKLV DQDO\VLV ZH XVHG DQ LQFOXVLYHPDVN EDVHG RQ WKH UHVXOWV IRXQG RQ
FRQWUDVW  DQG DVVHVVHG ZKHWKHU DQ\ QXOO UHVXOWV KHOG HYHQ DW D YHU\ OHQLHQW
threshold of puncorrected  $ SRVLWLYH ȴQGLQJ RQ WKLV FRQWUDVW  LQGLFDWHV D
VWURQJHUK\SHUUHDFWLYLW\WRUHZDUGDQWLFLSDWLRQUHODWLYHWRQRUHZDUGDQWLFLSDWLRQ
for clinical psychopaths compared to HChigh:HH[SHFWHGHLWKHUQRGLIIHUHQFHRU
JUHDWHUUHVSRQVLYLW\GXULQJUHZDUGDQWLFLSDWLRQUHODWLYHWRQRUHZDUGDQWLFLSDWLRQ
Functional connectivity analyses
)LQDOO\ ZH DVVHVVHG ZKHWKHU UHZDUGUHODWHG IXQFWLRQDO FRQQHFWLYLW\ GLIIHUHG
between clinical psychopaths and HChigh :H FRQGXFWHG SV\FKRSK\VLRORJLFDO
LQWHUDFWLRQ DQDO\VLV 33,FRQ WR WHVW WDVNLQGXFHG GLIIHUHQFHV LQ WKH VWUHQJWK
RI FRQQHFWLYLW\ EHWZHHQ WZREUDLQ UHJLRQV )ULVWRQ HW DO  ,Q RWKHUZRUGV
VLJQLȴFDQW UHVXOWV RQ 33,FRQ LQGLFDWH G\QDPLF QHXURPRGXODWLRQ LQ UHVSRQVH
WR FRQWH[WXDO GHPDQGV DQG LGHQWLI\ IXQFWLRQDO LQWHUDFWLRQV WKDW DUH UHOHYDQW
WR WKH FXUUHQW WDVN GHPDQGV 7KLV DQDO\VLV DOORZHGXV WR WHVW IRU GLIIHUHQFHV LQ
FRQQHFWLYLW\EHWZHHQWKHLGHQWLȴHGVRXUFHDUHDXQLYDULDWHUHVXOWVDQGWKHWREH
LGHQWLȴHG WDUJHW RU FRQQHFWHG UHJLRQV LQ UHVSRQVH WR UHZDUG DQG QRUHZDUG
DQWLFLSDWLRQWDVNLQGXFHGHIIHFW:HH[SHFWHGWRȴQGHVSHFLDOO\PHGLDORURUELWR
IURQWDO UHJLRQVZLWK WKLV 33, DQDO\VLV 7KLV LV EDVHG RQ WKH WKHRUHWLFDO SURSRVDO







FT WKH ULJKW YHQWUDODQWHULRU VWULDWXP Figure 3.1. 7KH WLPH VHULHV ZDV WKHQ
















contrast of interest assessed the difference between clinical psychopaths and 
HChigh
Statistical thresholding of fMRI analysis
:H UHSRUW RQO\ WKRVHHIIHFWV WKDW VXUYLYH IDPLO\ZLVH HUURU ):( FRUUHFWLRQ IRU
multiple comparisons at the whole brain (p):(:%YR[HOOHYHO@DQGZKHUH
appropriate for small volume correction of the right nucleus accumbens proper as 
GHȴQHGE\WKH+DUYDUG2[IRUG$WODVFI%MRUNHWDO%XFNKROW]HWDO
3.3. Results
No behavioral differences between groups
'XULQJ UHZDUG DQWLFLSDWLRQ VXEMHFWV VKRZHGPRUH KLWV WKDQ GXULQJ WKH QHXWUDO
condition (main effect of Reward anticipation on hits: F p  
leading to shorter target duration for the reward condition (F p 
&ULWLFDOO\DOOPDLQHIIHFWVRULQWHUDFWLRQVZLWK*URXSZHUHQRQVLJQLȴFDQWF
7KXVEHKDYLRUDOSHUIRUPDQFHGLGQRWGLIIHUEHWZHHQWKHJURXSV
Reward related signal in the ventral striatum
:H HVWDEOLVKHG WKDW IROORZLQJ %XFNKROW] HW DO UHZDUGUHODWHG %2/'




UHZDUG!QRUHZDUGDVZLWKLQVXEMHFW IDFWRUDQGJURXSKHDOWK\ ORZ LPSXOVLYH
DQWLVRFLDOKHDOWK\KLJK LPSXOVLYHDQWLVRFLDOFULPLQDOSV\FKRSDWKVDVEHWZHHQ
subject factor (corrected for multiple comparisons across the whole-brain: t
 p VPDOOYROXPHFRUUHFWLRQIRUQXFOHXVDFFXPEHQVSURSHUt 
p 5HZDUGUHODWHG%2/'VLJQDOLQWKHYHQWUDOVWULDWXPGLGQRWGLIIHU




whole brain maps for the simple interaction effects in Figure 3.1.








Reward related functional connectivity between the ventral striatum and the 
PFC. 
7KH ȴQGLQJ WKDW VLJQDOV LQ WKH YHQWUDO VWULDWXP GRHV QRW GLIIHU EHWZHHQ +&
high and criminal clinical psychopaths might suggest that the hyper-reactivity in 
the anterior ventral striatum to reward anticipation is not central to the concept 
RI SV\FKRSDWK\ 7KXV WKH VWULNLQJ FOLQLFDO GLIIHUHQFHEHWZHHQ WKHVH JURXSVZDV
QRW UHȵHFWHG E\ WKH XQLYDULDWH UHVXOWV LQ WKH K\SHUUHDFWLYH DQWHULRU YHQWUDO
VWULDWXP0RUHRYHUWKLVGLIIHUHQFHPLJKWEHUHȵHFWHGLQDEHUUDQWFRQWULEXWLRQRI
UHZDUGVLJQDOVLQWKHYHQWUDOVWULDWXPWRSUHIURQWDOFRUWH[UHJLRQVDVVRFLDWHGZLWK
SURSHOOLQJ DQG UHJXODWLQJ OLPELF LQIRUPDWLRQ ,QGHHG WKH VLJQDO RI WKH DQWHULRU
YHQWUDOVWULDWXPFRQWULEXWHGGLIIHUHQWLDOO\WRWKHPHGLDOSUHIURQWDOFRUWH[GXULQJ
reward- compared to no-reward anticipation for HChigh and the psychopathic group 
(Figure 3.1. 7KH SDUDPHWHU HVWLPDWHV LQFigure 3.1. suggest that this effect is 
driven by a more positive contribution of the anterior ventral striatum to the 
PHGLDOSUHIURQWDO FRUWH[GXULQJ UHZDUGFRPSDUHG WRQRUHZDUGDQWLFLSDWLRQ IRU
psychopaths than for HChigh2QHZD\ RI FRQFHSWXDOL]LQJ WKLV ȴQGLQJ LV WKDW WKH












































































Figure 3.1. (a (QKDQFHG UHZDUGUHODWHG %2/' VLJQDO LQ WKH YHQWUDO VWULDWXP RI
psychopathic criminals and healthy noncriminal controls with high antisocial/
impulsive traits compared with healthy controls with low antisocial/impulsive traits 
SHDN01,;<=>@$YHUDJHVLJQDOFKDQJHUHZDUGȂQRUHZDUGH[WUDFWHG
IURP WKHSHDN FOXVWHU LV VKRZQ IRU LOOXVWUDWLYH SXUSRVHV b %2/' VLJQDO LQ WKH
YHQWUDOVWULDWXPPPVSKHUHDURXQG01,;<=>@FRQWULEXWHVGLIIHUHQWLDOO\
WR WKH GRUVRPHGLDO SUHIURQWDO FRUWH[ GP3)& GXULQJ UHZDUG YHUVXV QR UHZDUG




at a threshold of pXQFRUUHFWHGIRULOOXVWUDWLRQSXUSRVHV
3DJH_3DJH_ 'LVFXVVLRQ'LVFXVVLRQ
3.4. Discussion
:H SUHVHQW WZR PDLQ ȴQGLQJV )LUVW UHVXOWV UHYHDO WKDW WKH DQWHULRU YHQWUDO
VWULDWXPRIFOLQLFDOFULPLQDOSV\FKRSDWKVLVK\SHUUHDFWLYHWRUHZDUGDQWLFLSDWLRQ
&UXFLDOO\WKLVK\SHUUHDFWLYLW\LVWKHVDPHDVWKHK\SHUUHDFWLYLW\IRXQGLQKHDOWK\
controls scoring high on impulsive-antisocial traits of psychopathy (HChigh %RWK
psychopathic individuals and HChighGLIIHULQWKLVDVSHFWVLJQLȴFDQWO\IURPKHDOWK\
subjects scoring low on the impulsive-antisocial psychopathic traits (HClow6HFRQG
DQGPRVW LPSRUWDQWO\ LW LV UHYHDOHG WKDW WKH K\SHUDFWLYH VLJQDO RI WKH DQWHULRU
YHQWUDOVWULDWXPLVSURFHVVHGGLIIHUHQWO\ LQWKHGP3)&EHWZHHQWKHSV\FKRSDWKV
and HChigh
2XU UHVXOWV H[WHQG ȴQGLQJV IURP HDUOLHU VWXGLHV VKRZLQJ DEQRUPDO UHZDUG
SURFHVVLQJ UHODWHG WR SV\FKRSDWKLF WUDLWV LQ KHDOWK\ YROXQWHHUV %XFNKROW] HW DO
XVHGWKHPRQHWDU\LQFHQWLYHGHOD\WDVN7KH\DVVHVVHGLPSXOVLYHDQWLVRFLDO




















VKRZDSRVLWLYHRUQHDUSRVLWLYHFRXSOLQJ7KLV VXJJHVWV WKDWQRWDGLIIHUHQFH LQ
reward anticipation per se EXW D GLIIHUHQFH LQ KRZ UHZDUG H[SHFWDWLRQV DUH
FRPPXQLFDWHG ZLWK IURQWDO DUHDV LV D PDUNHU RI FOLQLFDO FULPLQDO SV\FKRSDWK\
,QJHQHUDOWKLVȴQGLQJFRQFXUVZLWKHPSLULFDOȴQGLQJVDQGWKHRUHWLFDOSURSRVDOV









FRPPXQLW\ PHPEHUV ZKR DUH FKDUDFWHUL]HG E\ WUDLWV VXFK DV HJRFHQWULFLW\
VXSHUȴFLDOFKDUPDQGLUUHVSRQVLELOLW\EXWKDYHQRKLVWRU\RIDUUHVWVRUFRQYLFWLRQV




non-successful psychopaths and results can only be interpreted as being related 
WRSV\FKRSDWKLFWUDLWVRFFXUULQJLQWKHKHDOWK\SRSXODWLRQ,IDQ\WKLQJWKHVDPSOH





our HChigh group would be closest to the description of successful psychopathy 
ZLWK WKH FKDUDFWHULVWLF SHUVRQDOLW\ WUDLWV EXW QRW WKH KLJKO\ DQWLVRFLDO EHKDYLRU
,QFRPSDULVRQRXUSDWLHQWJURXSUHSUHVHQWV WKHXQVXFFHVVIXOSV\FKRSDWKV*DR
DQG5DLQH VXJJHVWHG WKDW WKHUHDUHVXEVWDQWLDOGLIIHUHQFHVEHWZHHQQRQ
VXFFHVVIXODQGVXFFHVVIXOSV\FKRSDWKVZKLFKSUHVHQWDWDQHXURQDOSK\VLRORJLFDO
FRJQLWLYHDQGEHKDYLRUDOOHYHO6XFFHVVIXOSV\FKRSDWKVGRQRWSUHVHQWZLWKIURQWDO
LPSDLUPHQWV DQG VKRZ OHVV LPSDLUPHQW LQ KLJKHU FRJQLWLYH IXQFWLRQLQJ 1RWH
3DJH_3DJH_ 'LVFXVVLRQ'LVFXVVLRQ
that reward anticipation in the ventral striatum has been linked to this aspect of 
SV\FKRSDWK\ EHIRUH &DUUH+\GH1HXPDQQ 9LGLQJ	+DULUL  &DUUª HW DO
VKRZHGWKDWYHQWUDOVWULDWDOUHDFWLYLW\WRSRVLWLYHIHHGEDFNGXULQJDVLPSOH
card guessing game was negatively related to the lifestyle facet as measured with 
WKH6HOIUHSRUW3V\FKRSDWK\6KRUW)RUP
$V PHQWLRQHG EHIRUH FXUUHQW WKHRUHWLFDO PRGHOV KDYH VXJJHVWHG WKDW WKH
striatum and associated regions play an important role in psychopathy (Glenn & 
<DQJ<DQJHWDO ,QWHJUDWLQJWKHVHYLHZVZLWKPRGHOVRIVXFFHVVIXO
SV\FKRSDWKVUHVXOWVLPSOLFDWHWKDWZKLOHHPRWLRQDODVSHFWVLHUHZDUGDQWLFLSDWLRQ
might be equally affected in criminal clinical psychopathy and high scoring healthy 
FRQWUROV IXUWKHU SURFHVVHG LQ WKH GP3)& RI WKLV VLJQDO LV ZKDW GLIIHUHQWLDWHV
VXFFHVVIXOYHUVXVQRQVXFFHVVIXOFULPLQDOSV\FKRSDWKV,QWKHSUHVHQWVDPSOHWKH
FRPPXQLW\VDPSOHZDVFULPLQDOUHFRUGIUHHEXWVFRUHGHTXDOO\KLJKO\RQWKH33,
FRPSDUHG WR WKH FULPLQDOSV\FKRSDWKV 7KLV LV LQ OLQHZLWKȴQGLQJV IURP3XMDUD
HW DO  ZKR IRXQG QR GLIIHUHQFHV LQ UHZDUG K\SHUVHQVLWLYLW\ EHWZHHQ WZR
FULPLQDOJURXSVKLJKDQGORZRQ3&/5VFRUHV
,QWHUHVWLQJO\ZHIRXQGDVXEWKUHVKROGLHQRWVXUYLYLQJFRUUHFWLRQIRUPXOWLSOH
FRPSDULVRQV QHJDWLYH FKDQJH LQ VLJQDO GXULQJ UHZDUG LQ WKH JURXS RI KHDOWK\
FRQWUROVVFRULQJORZRQ,$WUDLWVFRPSDUDEOHWR%MRUNHWDO:HZHUHDEOH
to show increased activation during reward in the total group and also the total 
healthy control group using the NAcc proper in line with other studies (Knutson 
HWDO*URXSGLIIHUHQFHVLQWKHDQWHULRUYHQWUDOVWULDWXPVKRZHGRSSRVLWH




should consider this variation in traits to better understand individual differences 
LQQHXUDODFWLYLW\
2QH LPSOLFDWLRQRI WKHSUHVHQWUHVXOWV LV WKDW LPSXOVLYHDQWLVRFLDOSHUVRQDOLW\
WUDLWV GR QRW QHFHVVDULO\ FRUUHVSRQG ZLWK LPSXOVLYHDQWLVRFLDO EHKDYLRU ,QGHHG
WKHWZRPHDVXUHVRISV\FKRSDWK\VKRZOLWWOHFRUUHVSRQGHQFHLQ'XWFKVDPSOHV
,W LV VXJJHVWHG WKDW WKH 3&/5 LV EHKDYLRUEDVHG DSSURDFK ZKLOH WKH 33, LV D
SHUVRQDOLW\EDVHG DSSURDFK /LOLHQIHOG 	 $QGUHZV  7KHUHIRUH LQGLYLGXDOV
characterized by psychopathic personality traits but who do not necessarily engage 
LQDQWLVRFLDODFWVZRXOGEHFRQVLGHUHGSV\FKRSDWKVZKHQPHDVXUHVZLWKWKH33,
EXWZRXOGUHPDLQXQGLDJQRVHGXVLQJWKH3&/5%RWKRIWKHVHH[SODQDWLRQVVKRZ
some resemblance in that those individuals who show the personality traits but not 
the behavior might be seen as successful in terms of being able to inhibit acting 
DFFRUGLQJWRWKHLUSHUVRQDOLW\
7DNHQ WRJHWKHU ZH KDYH GHPRQVWUDWHG WKDW UHZDUG K\SHUVHQVLWLYLW\ LQ WKH
anterior ventral striatum is present in samples showing high traits of impulsive-
DQWLVRFLDOSHUVRQDOLW\FRPPXQLW\DQGFOLQLFDOFULPLQDOVDPSOHV$GGLWLRQDOO\ZH
showed that criminal psychopaths (not only characterized by impulsive-antisocial 
SHUVRQDOLW\EXWDOVRE\ LPSXOVLYHDQWLVRFLDOEHKDYLRUFDQEHGLIIHUHQWLDWHGIURP
putatively non-criminal psychopaths by differential impact of aberrant ventral 
VWULDWDOVLJQDORQWKHGP3)&7KHSUHVHQWȴQGLQJVFRQWULEXWHWRWKHXQGHUVWDQGLQJ
of how and why some people act according to their impulsive-antisocial personality 
ZKLOHWKHLPSDFWRIVXFKWUDLWVLVPXFKVPDOOHULQRWKHUSHRSOHZLWKVLPLODUWUDLWV
3HUVRQDOLW\ SUHGLVSRVHV IRU FHUWDLQ FKDUDFWHULVWLFV VXFK DV UHZDUG VHQVLWLYLW\ ,Q
some people however these preferences have larger impact than in others on 
IXUWKHUSURFHVVLQJLQKLJKHUFRQWUROV\VWHPV,WZRXOGEHLQWHUHVWLQJWRLQYHVWLJDWH




*URXSVGLIIHUHGRQ33, WRWDO VFRUH 33,B,$ DQG WKH33, VXEVFDOHV0DFKLDYHOOLDQ
(JRFHQWULFLW\ %ODPH ([WHUQDOL]DWLRQ DQG ,PSXOVLYH 1RQFRQIRUPLW\ $ IROORZ XS
t-test revealed that this difference was driven by the difference between HChigh and 
HClow (all p7KHSV\FKRSDWKLFJURXSGLGQRWGLIIHURQDQ\RIWKHVHPHDVXUHV
from the HChigh group (all p!H[FHSWIRUWKH33,B,1&VXEVFDOHt p 







Table 3.2. &RUUHODWLRQV EHWZHHQ 3&/5 WRWDO VFRUH DQG IDFWRU VFRUHV IRXUIDFWRU
PRGHODQG33,WRWDOVFRUHDQGIDFWRUVFRUHVLQWKHJURXSRISV\FKRSDWK\






































Correspondence of results with studies in individuals with child-psychopathy
Studies in adult psychopathic populations in general show increased activity in 
WKHYHQWUDOVWULDWXPGXULQJUHZDUGSURFHVVLQJ2QO\RQHVWXG\LQDGXOWVVKRZHG
GHFUHDVHGDFWLYLW\ LQ WKH YHQWUDO VWULDWXP .LHKO HW DO +RZHYHU WKLVZDV
GXULQJ UHZDUG SURFHVVLQJ EXW GXULQJ DIIHFWLYH PHPRU\ SURFHVVLQJ ,Q \RXWK
SV\FKRSDWKLFJURXSVLQFRQWUDVWGLIIHUHQFHVLQUHZDUGSURFHVVLQJDUHFRPPRQO\
found in orbitofrontal regions and the caudate nucleus but not in the ventral 
VWULDWXP )LQJHUHWDO)LQJHUHWDO ,PSRUWDQWO\GHFUHDVHGDFWLYLW\
EXW QR DUHDV ZLWK LQFUHDVHG DFWLYLW\ ZHUH IRXQG 7KHVH GLIIHUHQFHV EHWZHHQ
DGXOWV DQG \RXWK SV\FKRSDWKLF SRSXODWLRQV DUH VXUSULVLQJ LQ WKH FRQWH[W RI
SV\FKRSDWK\EHLQJDGHYHORSPHQWDOGLVRUGHU,QFKLOGKRRGSV\FKRSDWKLFPRGHOV
the assumption is that a disruption of circuits involved in decision making based 
RQUHLQIRUFHPHQW)LQJHUHWDO'HȴFLWVLQIRUPVRIUHLQIRUFHPHQWOHDUQLQJ





WKHGLIIHUHQFH LQ SDUDGLJPV1RQHRI WKHSDUDGLJPV LQZKLFK LQFUHDVHG DFWLYLW\
ZDVIRXQGLQYROYHGDOHDUQLQJWDVN7KRVHLQZKLFKGHFUHDVHGDFWLYLW\ZDVIRXQG
LQYROYHG HLWKHU D OHDUQLQJ RU DPHPRU\ WDVN 7KLVZRXOG EH LQ OLQHZLWK UHVXOWV
showing decreased error-related negativity during learning in psychopathic groups 




Correspondence of the two measures of psychopathy - the PPI and PCL-R
7KH UHVXOWV VKRZ QR FRUUHVSRQGHQFH EHWZHHQ WKH WRWDO VFRUHV RI VHOIUHSRUW
DQG FOLQLFDO PHDVXUHV RI SV\FKRSDWK\ ,Q RWKHU VWXGLHV FRUUHODWLRQV EHWZHHQ
WKH WRWDO VFRUHV UDQJHG EHWZHHQ    %HUDUGLQR 0HOR\ 6KHUPDQ 	
-DFREV%ORQLJHQHWDO (GHQV3R\WKUHVV /LOLHQIHOG	3DWULFN
3R\WKUHVV (GHQV 	 /LOLHQIHOG  ,Q WKHVH VWXGLHV 33, IDFWRU FRUUHODWLRQV
ZLWKWKHFRUUHVSRQGLQJ3&/5IDFWRUVZHUHEHWZHHQEXWZHUHORZHUDIWHU











$UQHWW3$6PLWK66	1HZPDQ -3 $SSURDFKDQGDYRLGDQFHPRWLYDWLRQ LQ
SV\FKRSDWKLF FULPLQDORIIHQGHUVGXULQJSDVVLYHDYRLGDQFHJournal of Personality and 
Social Psychology, 72GRL
%HUDUGLQR6'0HOR\-56KHUPDQ0	-DFREV'9DOLGDWLRQRIWKHSV\FKRSDWKLF
SHUVRQDOLW\LQYHQWRU\RQDIHPDOHLQPDWHVDPSOHBehavioral Sciences & the Law, 23
GRLEVO
%MRUN -0&KHQ*	+RPPHU': 3V\FKRSDWKLF WHQGHQFLHVDQGPHVROLPELF




and Individual Differences, 41
%ODLU 5 - 50LWFKHOO'* 9 /HRQDUG$ %XGKDQL 6 3HVFKDUGW . 6	1HZPDQ&
 3DVVLYH DYRLGDQFH OHDUQLQJ LQ LQGLYLGXDOV ZLWK SV\FKRSDWK\ PRGXODWLRQ E\







-.	9HUNHV5 - (DUO\DQG/DWH&RPSRQHQWVRI(UURU0RQLWRULQJ LQ9LROHQW





%XGKDQL 6 	 %ODLU 5 - 5  5HVSRQVH UHYHUVDO DQG FKLOGUHQ ZLWK SV\FKRSDWKLF
WHQGHQFLHV VXFFHVV LV D IXQFWLRQ RI VDOLHQFH RI FRQWLQJHQF\ FKDQJHJournal of Child 
Psychology and Psychiatry, 46
%XGKDQL65LFKHOO5$	%ODLU5 -5  ,PSDLUHGUHYHUVDOEXW LQWDFWDFTXLVLWLRQ
3UREDELOLVWLFUHVSRQVHUHYHUVDOGHȴFLWVLQDGXOWLQGLYLGXDOVZLWKSV\FKRSDWK\Journal of 
Abnormal Psychology, 115GRL[
&DUUH - 0 +\GH / : 1HXPDQQ & 6 9LGLQJ ( 	 +DULUL $ 5  7KH QHXUDO










American Journal of Psychiatry, 168
)LQJHU(&0DUVK$$0LWFKHOO'*5HLG0(6LPV&%XGKDQL6/HLEHQOXIW(
$EQRUPDOYHQWURPHGLDOSUHIURQWDOFRUWH[IXQFWLRQLQFKLOGUHQZLWKSV\FKRSDWKLF
WUDLWVGXULQJUHYHUVDOOHDUQLQJArchives of General Psychiatry, 65
)ULVWRQ.%XHFKHO&)LQN*0RUULV-5ROOV(	'RODQ53V\FKRSK\VLRORJLFDO
DQGPRGXODWRU\LQWHUDFWLRQVLQQHXURLPDJLQJNeuroimage, 6
*DR < 	 5DLQH $  6XFFHVVIXO DQG8QVXFFHVVIXO 3V\FKRSDWKV $1HXURELRORJLFDO
0RGHOBehavioral Sciences & the Law, 28GRLEVO











behavior: Approaches to research
+DUH5' The Psychopathy Checklist - Revised (PCL-R)7RURQWR2QWDULR0XOWL
+HDOWKV\VWHPV




+ROUR\G & % 	 &ROHV 0 * +  7KH QHXUDO EDVLV RI KXPDQ HUURU SURFHVVLQJ
5HLQIRUFHPHQW OHDUQLQJ GRSDPLQH DQG WKH HUURUUHODWHG QHJDWLYLW\ Psychological 
Review, 109GRL[
-HOLFLF00HUFNHOEDFK+7LPPHUPDQV0	&DQGHO,'HQHGHUODQGVWDOLJHYHUVLH
YDQGHSV\FKRSDWKLFSHUVRQDOLW\ LQYHQWRU\ HQNHOHSV\FKRPHWULVFKHEHYLQGLQJHQ >7KH
GXWFKYHUVLRQRIWKHSV\FKRSDWK\SHUVRQDOLW\LQYHQWRU\VRPHSV\FKRPHWULFUHVXOWV@De 
Psycholoog, 12
.LHKO . $ 6PLWK$0+DUH 5'0HQGUHN$ )RUVWHU %% %ULQN -	 /LGGOH 3 )
/LPELFDEQRUPDOLWLHVLQDIIHFWLYHSURFHVVLQJE\FULPLQDOSV\FKRSDWKVDVUHYHDOHG













/\NNHQ'7$VWXG\RIDQ[LHW\LQWKHVRFLRSDWKLFSHUVRQDOLW\The Journal of Abnormal 
and Social Psychology, 55
/\QDP' 5	0LOOHU - '  )HDUOHVV GRPLQDQFH DQGSV\FKRSDWK\ D UHVSRQVH WR
/LOLHQIHOGHWDO
0DUFXV ' . )XOWRQ - - 	 (GHQV - )  7KH WZRIDFWRU PRGHO RI SV\FKRSDWKLF
SHUVRQDOLW\(YLGHQFHIURPWKH3V\FKRSDWKLF3HUVRQDOLW\,QYHQWRU\YROSJ
Personality Disorders-Theory Research and Treatment, 3  GRL 
D
0RW]NLQ-&1HZPDQ-3.LHKO.$	.RHQLJV05HGXFHGSUHIURQWDOFRQQHFWLYLW\
LQSV\FKRSDWK\The Journal of Neuroscience, 31
1HZPDQ -3	.RVVRQ'6 3$66,9($92,'$1&(/($51,1* ,136<&+23$7+,&
$1'12136<&+23$7+,&2))(1'(56Journal of Abnormal Psychology, 95
GRL[
1HZPDQ-33DWWHUVRQ&0+RZODQG(:	1LFKROV6/3DVVLYHDYRLGDQFHLQ
SV\FKRSDWKVWKHHIIHFWVRIUHZDUGPersonality and Individual Differences, 11
GRLL
2Ȇ'RKHUW\-'D\DQ36FKXOW]-'HLFKPDQQ5)ULVWRQ.	'RODQ5-'LVVRFLDEOH
UROHVRI YHQWUDODQGGRUVDO VWULDWXP LQ LQVWUXPHQWDO FRQGLWLRQLQJScience, 304

3DWULFN&-%UDGOH\00	/DQJ3-(PRWLRQLQWKHFULPLQDOSV\FKRSDWKVWDUWOH
UHȵH[PRGXODWLRQJournal of Abnormal Psychology, 102
3DWWHUVRQ&0	1HZPDQ -3 5HȵHFWLYLW\DQG OHDUQLQJ IURPDYHUVLYHHYHQWV 




GHVHQVLWL]HGI05,Magnetic Resonance in Medicine, 55
3R\WKUHVV 1 * (GHQV - ) 	 /LOLHQIHOG 6 2  &ULWHULRQUHODWHG YDOLGLW\ RI WKH
3V\FKRSDWKLF 3HUVRQDOLW\ ,QYHQWRU\ LQ D SULVRQ VDPSOH Psychological Assessment, 
10
3XMDUD00RW]NLQ-&1HZPDQ-3.LHKO.$	.RHQLJV01HXUDOFRUUHODWHVRI
UHZDUGDQGORVVVHQVLWLYLW\LQSV\FKRSDWK\Social Cognitive and Affective Neuroscience
QVW
6FKPDQG % $ %DNNHU ' 6DDQ 5 - 	 /RXPDQ -  'H 1HGHUODQGVH /HHVWHVW
YRRU9ROZDVVHQHQHHQPDDWYRRUKHWSUHPRUELGH LQWHOOLJHQWLHQLYHDXTijdschrift voor 
Gerontologie en Geriatrie
9DQ9OLHW,/HUR\+	YDQ0HJHQ+'H0,1,,QWHUQDWLRQDDO1HXURSV\FKLDWULVFK






YRRU '60,9 $V,, SHUVRRQOLMNKHLGVVWRRUQLVVHQ >0DQXDO IRU WKH 6WUXFWXUHG &OLQLFDO
,QWHUYLHZIRU'60,9$[LV,,SHUVRQDOLW\GLVRUGHUV@/LVVH7KH1HWKHUODQGV6ZHWV7HVW
3XEOLVKHUV





LQIRUPDWLRQ ȵRZ DQG FRQQHFWLYLW\ LQ SV\FKRSDWK\ The British Journal of Psychiatry, 
201





Neural correlates of error-
UHODWHGOHDUQLQJGHȴFLWVLQ
individuals with psychopathy
3DJH_3DJH_ ,QWURGXFWLRQ  
Abstract
3V\FKRSDWK\ LV DVVRFLDWHG ZLWK D SHUIRUPDQFH GHȴFLW LQ D YDULHW\ RI VWLPXOXV
UHVSRQVHDQGVWLPXOXVUHLQIRUFHPHQWOHDUQLQJSDUDGLJPV:HWHVWWKHK\SRWKHVLV
WKDW IDLOXUHV LQ HUURUPRQLWRULQJ XQGHUOLH WKHVH OHDUQLQJ GHȴFLWV:HPHDVXUHG
electrophysiological correlates of error monitoring (error-related negativity or 
(51GXULQJDSUREDELOLVWLFOHDUQLQJWDVNLQLQGLYLGXDOVZLWKSV\FKRSDWK\N 
and healthy matched control subjects (N 7KHWDVNFRQVLVWHGRIWKUHHJUDGHG







EXW WKLV LQIRUPDWLRQ LV QRW XVHG WR LPSURYH EHKDYLRU RQ VXEVHTXHQW WULDOV $V
OHDUQLQJLVGHJUDGHGWKHSURFHVVRIHUURUGHWHFWLRQDWWKHPRPHQWRIWKHDFWXDO
UHVSRQVHLVGLPLQLVKHG7KHUHIRUHWKHFXUUHQWVWXG\GHPRQVWUDWHVWKDWGLVWXUEHG










,Q OLQH ZLWK WKHVH REVHUYDWLRQV SV\FKRSDWKLF LQGLYLGXDOV VKRZ SHUIRUPDQFH
GHȴFLWV LQ GLIIHUHQW VWLPXOXVUHVSRQVH DQG VWLPXOXVUHLQIRUFHPHQW OHDUQLQJ
VLWXDWLRQV&OHFNOH\  IRXQG LQGLYLGXDOVZLWK33 WRKDYHD UHGXFHGFDSDFLW\
WR OHDUQ IURP H[SHULHQFH 2WKHU VWXGLHV KDYH GHPRQVWUDWHG DEQRUPDOO\ ORZ
OHYHOV RI DYHUVLYH OHDUQLQJ )ORU %LUEDXPHU +HUPDQQ =LHJOHU 	 3DWULFN 
LQVWUXPHQWDO OHDUQLQJ 0LWFKHOOHWDODQGDYRLGDQFH OHDUQLQJ %ODLUHWDO
 1HZPDQ	 .RVVRQ  7KH ODWWHU LV WKH SURFHVV E\ZKLFK RQH OHDUQV
that omitting a certain response will result in the termination or prevention of 
DQDYHUVLYHVWLPXOXV$GGLWLRQDOO\ LPSDLUPHQWV LQGHFLVLRQPDNLQJWRUHZDUGLQJ





VKRZHG OHDUQLQJGHȴFLWV LQ WKHUHYHUVDOSKDVHRQO\ LQZKLFKWKHHDUOLHU OHDUQHG
UHLQIRUFHPHQW FRQWLQJHQFLHV ZHUH VXGGHQO\ UHYHUVHG %XGKDQL 5LFKHOO 	 %ODLU

7KHVH ȴQGLQJV DUH PDLQO\ LQ OLQH ZLWK WKH LQWHJUDWHG HPRWLRQ V\VWHP ,(6
LQWHUSUHWDWLRQ RI 33 %ODLU  %ODLU 0LWFKHOO 	 %ODLU  ZKLFK DVVXPHV
RUELWRIURQWDO DQG DP\JGDOD DEQRUPDOLWLHV LQ 33 7KHPRGHO SUHGLFWV LQGLYLGXDOV
ZLWK 33 WR VKRZ GHȴFLWV LQ ERWK VWLPXOXVUHLQIRUFHPHQW OHDUQLQJ LQYROYLQJ WKH
DP\JGDOD DQG LQ UHYHUVDO OHDUQLQJ VHUYHG E\ RUELWRIURQWDO DUHDV DQG EDVDO
JDQJOLD &ODUNH5REELQV	5REHUWV&RROV&ODUN2ZHQ	5REELQV








HUURU VLJQDO LV FRQYH\HG IURP WKHEDVDO JDQJOLD WR WKH DQWHULRU FLQJXODWH FRUWH[

















&RQVHTXHQWO\ ZKLOH OHDUQLQJ WDNHV SODFH U(51 DPSOLWXGHV LQFUHDVH +ROUR\G	
&ROHV






OHDUQLQJ %UD]LO HWDO 0XQURHWDO $Q LQYHVWLJDWLRQRI UHZDUGDQG
DYRLGDQFHOHDUQLQJLQORZVRFLDOL]HGLQGLYLGXDOVDFRQFHSWUHODWHGWR33.RVVRQ
	1HZPDQKDVVKRZQGLPLQLVKHGU(51DPSOLWXGHVRQO\LQWKHSXQLVKPHQW



















&RPSDUHG ZLWK KHDOWK\ FRQWUROV ZH H[SHFWHG LQGLYLGXDOV ZLWK 33 WR




4.2. Methods and material
4.2.1. Participants
7KLUWHHQPDOH YLROHQW RIIHQGHUV EHWZHHQ  DQG  \HDUV RI DJH PHDQ DJH  
SD GLDJQRVHGZLWKDSV\FKRSDWK\VFRUHRIȲDFFRUGLQJWRWKH+DUH
3V\FKRSDWK\&KHFN /LVW5HYLVHG 3&/5 +DUH ZHUH VHOHFWHG IURP WKH LQ
SDWLHQW SRSXODWLRQRI D IRUHQVLF SV\FKLDWULF LQVWLWXWH LQ 7KH1HWKHUODQGV1 (mean 
3&/5VFRUH SD (GXFDWLRQDO OHYHOZDVFRGHGDFFRUGLQJWRWKH'XWFK
HGXFDWLRQDOV\VWHP SULPDU\HGXFDWLRQ VHFRQGDU\HGXFDWLRQ KLJKHU
HGXFDWLRQPHDQHGXFDWLRQSDWLHQWV PHDQHGXFDWLRQFRQWUROV (LJKWHHQ
KHDOWK\PDOHFRQWUROVPDWFKHGIRUDJHPHDQDJH SD HGXFDWLRQDOOHYHO




24 h of the measurement; use of cannabis or other illicit drugs within the week 
EHIRUHPHDVXUHPHQWDQGXVHRISV\FKRWURSLFPHGLFDWLRQRWKHU WKDQR[D]HSDP
GXULQJ WKH  GD\V EHIRUH PHDVXUHPHQW 8VH RI R[D]HSDP ZLWKLQ  K EHIRUH
PHDVXUHPHQWVPRNLQJZLWKLQKEHIRUHPHDVXUHPHQW+LVWRU\RIWUDXPDFDSLWLV
YLVXDO DQG DXGLWLYH GLVRUGHUV QHXURORJLFDO GLVRUGHUV ȴUVW GHJUHH UHODWLYH ZLWK
DQ\UHOHYDQWQHXURORJLFDOGLVRUGHUV7KHVWXG\ZDVDSSURYHGE\WKHORFDO0HGLFDO
(WKLFDO&RPPLWWHHDQGFDUULHGRXWLQDFFRUGDQFHZLWKWKH'HFODUDWLRQRI+HOVLQNL
4.2.2. Task and Procedure
3DUWLFLSDQWV UHFHLYHG ZULWWHQ LQIRUPDWLRQ DERXW WKH H[SHULPHQW DQG VLJQHG DQ
LQIRUPHGFRQVHQWEHIRUHEHLQJVFUHHQHGIRUSV\FKLDWULFH[FOXVLRQFULWHULDE\WUDLQHG




behalf of the state for people who committed serious criminal offences in connection with 
KDYLQJDPHQWDOGLVRUGHU7%6LVQRWDSXQLVKPHQWEXWDQHQWUXVWPHQWDFWIRUPHQWDOO\
GLVRUGHUHGRIIHQGHUV GLPLQLVKHG UHVSRQVLELOLW\ 7KHVH FRXUWRUGHUVDUHDQDOWHUQDWLYH
WRHLWKHUORQJWHUPLPSULVRQPHQWRUFRQȴQHPHQWLQSV\FKLDWULFKRVSLWDOZLWKWKHJRDOWR
VWULNHDEDODQFHEHWZHHQVHFXULW\WUHDWPHQWDQGSURWHFWLRQ






3DUWLFLSDQWV SHUIRUPHG D SUREDELOLVWLF OHDUQLQJ WDVN UHTXLULQJ D WZRFKRLFH
GHFLVLRQWRDQLPSHUDWLYHYLVXDOVWLPXOXV+ROUR\G	&ROHVVHHFigure 4.1.
)ROORZLQJ HDFK UHVSRQVH D IHHGEDFN VWLPXOXV UHSUHVHQWLQJ UHZDUG LQIRUPDWLRQ









,Q HDFK H[SHULPHQWDO EORFN D QHZ VHW RI VL[ GLIIHUHQW VWLPXOL IRU WDVN DQG
VWLPXOXV GHWDLOV VHH 1LHXZHQKXLV HW DO  1LHXZHQKXLV HW DO   LH
WZRIRUHDFKFRQGLWLRQZDVSUHVHQWHG7KHWZRVWLPXOLIURPWKHFRQGLWLRQ












































by subtracting the individual averages for correct responses/feedback from the 
LQGLYLGXDO DYHUDJHV IRU LQFRUUHFW UHVSRQVHVIHHGEDFN 7KH U(51 DPSOLWXGH ZDV
GHȴQHG DV WKHPRVW QHJDWLYH SHDN RI WKH UHVSRQVHORFNHG GLIIHUHQFH ZDYHV DW




$QDO\VHV ZHUH FRQGXFWHG XVLQJ UHSHDWHG PHDVXUHV *HQHUDO /LQHDU 0RGHOV
*/0VZLWK JURXS SV\FKRSDWKV FRQWUROV DV DEHWZHHQ VXEMHFW IDFWRU DQG WKH
IROORZLQJDVSRVVLEOHZLWKLQVXEMHFWIDFWRUVEORFNKDOIȴUVW%+DGVHFRQG%+
EORFNDQGFRQGLWLRQ'HSHQGLQJRQWKHLQGHSHQGHQWYDULDEOHHQWHUHG
LQWR WKH*/0 WKHQXPEHURI OHYHOV IRU WKH IDFWRU FRQGLWLRQYDULHG )LUVW WR WHVW
WKHYDOLGLW\RIRXUGHVLJQDOOIRXUOHYHOVYDOLGLQYDOLGZHUH
HQWHUHG6HFRQGWRLQYHVWLJDWHOHDUQLQJSURFHVVHVLQPRUHGHWDLOWKHWZROHDUQLQJ
FRQGLWLRQV  DQG  ZHUH DQDO\]HG E\ PHDQV RI D UHSHDWHG PHDVXUHV
*/0ZLWKJURXSDVDEHWZHHQVXEMHFWIDFWRUDQG%+DQG%+DQGFRQGLWLRQDV
ZLWKLQVXEMHFW IDFWRUV%HFDXVH DQ\ UHVSRQVHORFNHGHUURUUHODWHG DFWLYLW\ LQ WKH
 FRQGLWLRQ LV NQRZQ WR UHVXOW IURP UDQGRP ȵXFWXDWLRQV LQ WKH ((* VLJQDO
1LHXZHQKXLVHWDO 1LHXZHQKXLVHWDO DQG OHDUQLQJFDQQRWRFFXU
ZH H[FOXGHG WKLV FRQGLWLRQ IURP WKH DQDO\VHV 1RWH WKDW IRU WKH U(51 DQDO\VHV






&RQȴUPLQJ WKH YDOLGLW\ RI RXU GHVLJQ DQ RYHUDOO DQDO\VLV RI FRQGLWLRQ 
YDOLGLQYDOLGDQGUHYHDOHGWKDWDFFXUDF\ZDVKLJKHVWLQWKH
FRQGLWLRQV IROORZHG E\ WKH  YDOLG FRQGLWLRQ DQG ORZHVW LQ WKH  LQYDOLG
condition (F p$FFXUDF\LQWKHFRQGLWLRQZDVDURXQG
chance level (see Figure 4.2.
$QDQDO\VLVRIWKHWZROHDUQLQJFRQGLWLRQVDQGYDOLGLQFOXGLQJEORFN
half revealed no overall group differences between psychopathic individuals and 
controls in accuracy (F p +RZHYHUWKHVLJQLȴFDQWLQWHUDFWLRQ
EHWZHHQ FRQGLWLRQDQGJURXS VKRZHG WKDW FRPSDUHG WR FRQWUROVSV\FKRSDWKLF
VXEMHFWVZHUHOHVVDFFXUDWHLQWKHFRQGLWLRQEXWQRWLQWKHYDOLGFRQGLWLRQ
(F p 3ODQQHGFRPSDULVRQVE\PHDQVRIDQLQGHSHQGHQWt-test 
FRQȴUPHGWKLV WZRWDLOHG tWHVW t p YDOLG t 
p $FFXUDF\ZDVKLJKHULQWKHVHFRQGEORFNKDOIWKDQLQWKHȴUVWF








(see Table 4.1.Figure 4.2.7KHVHHIIHFWVZHUHFRQȴUPHGE\SODQQHGLQGHSHQGHQW
t-tests (two-tailed tWHVW%+t p %+t p 
































































PP group Control group
= block half 1
= block half 2
= block half 1
= block half 2
Figure 4.2. BeKDYLRUDODFFXUDF\IRULQGLYLGXDOVZLWKSV\FKRSDWK\33DQGFRQWUROV

















      
YDOLG      
      
LQYDOLG      
3DJH_3DJH_ 5HVXOWV5HVXOWV
7RH[DPLQHDFTXLVLWLRQDQGJHQHUDOL]DWLRQRIOHDUQLQJUXOHVLQWKHWZROHDUQLQJ
FRQGLWLRQV  DQG  YDOLG ZH LQYHVWLJDWHG DFFXUDF\ SHU EORFN $FFXUDF\
increased with each block (F pDOOFRQWUDVWVpZLWKRXW
an interaction between block and group (F     p    3ODQQHG
FRPSDULVRQVVKRZHGWKDWLQGLYLGXDOVZLWK33KDGORZHUDFFXUDF\LQWKHȴUVWEORFN





























































FRPSDULVRQ RI I(51 DPSOLWXGHV EHWZHHQ FRQGLWLRQV UHYHDOHG WKDW DPSOLWXGHV
ZHUH ODUJHVW LQ WKH LQYDOLGFRQGLWLRQ LQZKLFKQHJDWLYH IHHGEDFNZDVPRVW
XQH[SHFWHGIROORZHGE\WKHFRQGLWLRQWKHYDOLGFRQGLWLRQDQGȴQDOO\WKH
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for Group (F p DQGDPDLQHIIHFWIRUEORFNKDOI F 





 p U(51%+ȂU(51%+t p 









7KHSUHVHQWVWXG\UHYHDOHGWKDW LQGLYLGXDOVZLWK33VKRZHG ORZHUDFFXUDF\ LQD
UHLQIRUFHPHQWOHDUQLQJ SDUDGLJP )XUWKHUPRUH GLPLQLVKHG UHVSRQVH (51 EXW
QRUPDOIHHGEDFN(51DPSOLWXGHVZHUHIRXQGLQSV\FKRSDWKLFLQGLYLGXDOV
7KHFXUUHQWVWXG\LQYHVWLJDWHGWKHUHODWLRQEHWZHHQHUURUPRQLWRULQJDQGOHDUQLQJ
LQ LQGLYLGXDOVZLWKSV\FKRSDWK\ DQGKHDOWK\ FRQWUROV $W DQ HOHFWURSK\VLRORJLFDO
OHYHOSV\FKRSDWKLF LQGLYLGXDOVVKRZHGVLPLODUUHVSRQVHVDVFRQWUROV WRQHJDWLYH
H[WHUQDO IHHGEDFN UHȵHFWHG LQ WKH I(51+RZHYHU LQGLYLGXDOVZLWKSV\FKRSDWK\
GLG GLVSOD\ SUREOHPV LQ XVLQJ WKLV VLJQDO WR RSWLPL]H SHUIRUPDQFH ZKLFK ZDV




RYHUEORFNVGHPRQVWUDWHG WKDW LQGLYLGXDOVZLWK33KDG VSHFLȴFSUREOHPV LQ WKH
LQLWLDO OHDUQLQJSKDVH LQ WKHȴUVW EORFN EXWQRW LQ WKH ODWHUEORFNV ,PSRUWDQWO\










psychopathic individuals do reach the same performance level as healthy controls 
EXWQHHGPRUHWLPHWRGRVR
2I QRWH GLIIHUHQFHV LQ DFFXUDF\ ZHUH RQO\ IRXQG LQ WKH HDVLHVW OHDUQLQJ
FRQGLWLRQDQGQRWIRUWKHPRUHGLɝFXOWFRQGLWLRQ2QHH[SODQDWLRQIRUWKLV
ȴQGLQJLVEDVHGRQWKHVRFDOOHGORZIHDUK\SRWKHVLVRISV\FKRSDWK\/\NNHQ
7KHORZIHDUK\SRWKHVLVDVVXPHVWKDWSV\FKRSDWKLFLQGLYLGXDOV are insensitive to 










depends on how many valid trials are processed as useful information and how 
PXFKRIWKHLQYDOLGLQIRUPDWLRQLVLJQRUHG7KHUHIRUHLWGRHVQRWGHSHQGRQWKH
WRWDODPRXQWRIIHHGEDFNLQIRUPDWLRQXVHGEXWRQWKHSURSRUWLRQRIYDOLGYHUVXV
LQYDOLG IHHGEDFN WKDW LV XVHG WR OHDUQ WKH UXOH 7KLV LV QRW DIIHFWHG LQ 33ZKLFK
H[SODLQVZK\WKH\VKRZWKHVDPHOHYHOVRIDFFXUDF\LQWKLVFRQGLWLRQ




&RQWUDU\ WR WKH SUHVHQW UHVXOWV %XGKDQL 5LFKHOO DQG %ODLU  IRXQG QR
acquisition problems in psychopathic individuals during the initial learning phase 
RI D SUREDELOLVWLF UHVSRQVHUHYHUVDO WDVN +RZHYHU VRPH LPSRUWDQW GLIIHUHQFHV
EHWZHHQWKHUHVSRQVHUHYHUVDOWDVNE\%XGKDQLHWDODQGWKHSUHVHQWWDVN
H[LVWWKDWPD\H[SODLQWKHGLIIHUHQWRXWFRPHV)LUVWWKHFXUUHQWWDVNLQYROYHGPRUH




ZLWKD UHVSRQVH7KLUG WKHLU WDVNKDGQR57UHVWULFWLRQZKLOH WKHSUHVHQWVWXG\
HPSOR\HG D GHDGOLQH RI  PV ,W VHHPV SODXVLEOH WKDW WKHVH GLIIHUHQFHV LQ
FRPSOH[LW\ODUJHO\DFFRXQWIRUWKHGLYHUJHQWȴQGLQJVRIWKHWZRVWXGLHV0RUHRYHU





IHHGEDFN LVXVHG WRXSGDWHDQG OHDUQ WKHHDUOLHVWSUHGLFWRURISXQLVKPHQW 7KH
HUURUVLJQDO LVFDUULHGWRSRVWHULRUPHGLDO IURQWDOFRUWH[S0)&ZKHUH LW LVXVHG
DVDUHLQIRUFHPHQWOHDUQLQJVLJQDOJXLGLQJWKHDGDSWDWLRQRIEHKDYLRU$OWKRXJK
LQGLYLGXDOV ZLWK 33 VKRZ LQWDFW SURFHVVLQJ RI H[WHUQDO QHJDWLYH IHHGEDFN DW DQ
HOHFWURSK\VLRORJLFDO OHYHO WKH\GRQRW VHHP WRRSWLPDOO\XVH WKHHUURU VLJQDO WR
IRUPDQLQWHUQDOWHPSODWHRIWKHUXOHVVWLPXOXVUHVSRQVHPDSSLQJVDWKDQG,Q
RUGHU IRU D U(51 WRRFFXU GHWHFWLRQRI DPLVPDWFKEHWZHHQH[SHFWHGDQG UHDO
RXWFRPH KDV WR WDNH SODFH +ROUR\G 	 &ROHV  3UHUHTXLVLWH IRU WKLV LV DQ
LQWHUQDO WHPSODWH RI WKH UXOHV WRZKLFK WKH FXUUHQW EHKDYLRU FDQ EH FRPSDUHG
$V QR LQWHUQDO WHPSODWH LV IRUPHG D FRPSDULVRQ EHWZHHQ UHDO DQG H[SHFWHG
RXWFRPH FDQQRWEHPDGHDQGKHQFH OHDUQLQJ  UHȵHFWHG LQ DGDSWLYHEHKDYLRU 





UHODWHG WR 33 VKRZGLPLQLVKHG U(51V XQGHU FRQGLWLRQV RI SXQLVKPHQW EXW QRW
UHZDUG'LNPDQ	$OOHQ:LWKUHJDUGWRWKHFXUUHQWWDVN LQGLYLGXDOVZLWK
33PLJKWKDYHOHDUQHGEDVHGRQUHZDUGFXHVEXWQRWRQSXQLVKPHQWFXHVZKLFK
leads to diminished learning performance due to the fact that only part of the trials 
WKHUHZDUGHGEXWQRWSXQLVKHGDUHXVHGWRDGDSWEHKDYLRU
$QHDUOLHU LQYHVWLJDWLRQRI WKH U(51 LQ LQGLYLGXDOVGLDJQRVHGZLWK33RXWVLGH
D OHDUQLQJ FRQWH[W 0XQUR HW DO  UHSRUWHG QR LQGLFDWLRQV IRU GLPLQLVKHG
DPSOLWXGHV (YHQ WKRXJK %UD]LO HW DO  UHSOLFDWHG WKLV ȴQGLQJ DW DQ
HOHFWURSK\VLRORJLFDO OHYHO WKHLU EHKDYLRUDO GDWD GHPRQVWUDWHG SUREOHPV LQ






KDYH EHHQ SUHGLFWHG E\ WKH ,QWHJUDWHG (PRWLRQ 6\VWHP ,(6 %ODLU HW DO 
K\SRWKHVLV RI 33 7KH ,(6 LQWHUSUHWDWLRQ SURSRVHV WKDW DQ XQGHUO\LQJ DP\JGDOD
GHȴFLW %ODLU  .LHKO HW DO  3ULGPRUH &KDPEHUV 	 0F$UWKXU 
leads to impairments in stimulus-reinforcement associations but not in stimulus-
UHVSRQVHDVVRFLDWLRQV LQ LQGLYLGXDOVZLWK33+RZHYHUZKLOHWKHDP\JGDODSOD\V
DFHQWUDOUROHLQWKHȴUVWSURFHVVRWKHUEUDLQVWUXFWXUHVDUHLQYROYHGLQWKHODWWHU




HUURUV&XUUHQWO\ WKH ,(6 LQWHUSUHWDWLRQRI 33GRHVQRW LQFOXGH WKHVHSURFHVVHV
DQGEUDLQDUHDVDQGKHQFHGRHVQRWDOORZIRUDQ\VSHFLȴFSUHGLFWLRQVWREHPDGH




7R VXPPDUL]H RXU UHVXOWV LQGLFDWH WKDW OHDUQLQJ IURP QHJDWLYH IHHGEDFN
LV FRPSURPLVHG LQ 33 7KHVH UHVXOWV DUH VXSSRUWHG E\ ERWK EHKDYLRUDO DQG
HOHFWURSK\VLRORJLFDOGDWD'HYLDQFLHVLQHUURUSURFHVVLQJPD\SOD\DFUXFLDOUROHLQ
WKHOHDUQLQJGHȴFLHQFLHVDVVRFLDWHGZLWK337KH,(6LQWHUSUHWDWLRQRI33SUHGLFWV
GHȴFLWV LQ FHUWDLQ IRUPV RI OHDUQLQJ EXW GRHV QRW UHODWH WKHVH GHȴFLWV WR WKH
SURFHVVLQJRIHUURUV)XUWKHUPRUHZKLOHWKHPRGHOLQFOXGHVDVSHFWVRIVWLPXOXV
UHVSRQVH OHDUQLQJ DQG VWLPXOXVUHLQIRUFHPHQW OHDUQLQJ DVSHFWV RI LQWHUQDO DQG
H[WHUQDO HUURU SURFHVVLQJ UHOHYDQW WR WULDO DQG HUURU OHDUQLQJ DUH QRW LQFOXGHG
7KLVGLIIHUHQWLDWLRQEHWZHHQOHDUQLQJSURFHVVHVDOVRȴWVZLWKDPRUHUHFHQWPRGHO
RIGHFLVLRQPDNLQJSURSRVHGE\5XVKZRUWKDQGFROOHDJXHV  LQZKLFK WKH
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)51 DQG FRQYHUVHO\ HIIHFWV RI H[SHFWDQF\ EXW QRW YDOHQFH RQ WKH 3:KLOH







2SWLPDO EHKDYLRU GHSHQGV RQ WKH DELOLW\ WR HYDOXDWH RXWFRPHV RI HYHQWV DQG
DFWLRQVDQG WRDGMXVWEHKDYLRUDFFRUGLQJO\5HVHDUFKFRQFHUQHGZLWK WKHQHXUDO





VLJQDWXUHV LH WKH IHHGEDFNUHODWHG QHJDWLYLW\ )51 $FFRUGLQJ WR +ROUR\G DQG
&ROHVWKH)51UHȵHFWVDGRSDPLQHGHSHQGHQWUHLQIRUFHPHQWOHDUQLQJ5/
VLJQDOZKLFKLVWUDQVPLWWHGWRS0)&WRJXLGHDFWLRQVHOHFWLRQ,QGHHGGRSDPLQH
LVZHOODFFHSWHG WREH LQYROYHG LQ WKHHYDOXDWLRQRIRQJRLQJHYHQWVDQGDFWLRQV
DVZHOODVLQWKHSUHGLFWLRQRIWKHLUFRQVHTXHQFHVSRVLWLYHRUQHJDWLYHRXWFRPHV
EDVHGRQSDVW H[SHULHQFHV 6FKXOW] :KHQ WKHVH SUHGLFWLRQV DUH YLRODWHG
IRU WKH EHWWHU D SKDVLF LQFUHDVH LQ PLGEUDLQ GRSDPLQHUJLF DFWLYLW\ LV LQGXFHG
ZKLOHRXWFRPHVZRUVHWKDQH[SHFWHGLQGXFHDSKDVLFGLSLQGRSDPLQHUJLFDFWLYLW\
7KLV 5/ VLJQDO RU SUHGLFWLRQ HUURU LV WKRXJKW WREHXVHGE\ WKHEDVDO JDQJOLD WR
LPSURYHWKHTXDOLW\RIIXWXUHSUHGLFWLRQVDQGDFWLRQV&ULWLFDOO\DFFRUGLQJWRWKLV
WKHRU\ WKH GRSDPLQHUJLF HUURU VLJQDO LV DOVR FRQYH\HG WR WKH $&& ZKLFK DFWV
DVDPRWRUFRQWUROȴOWHU7KHDUULYDORIWKHGRSDPLQHUJLFHUURUVLJQDODWWKH$&&
KDVEHHQDUJXHG WRHOLFLW WKHHUURU IHHGEDFN UHODWHGQHJDWLYLW\ )51DQHYHQW
UHODWHGSRWHQWLDO (53SHDNLQJDWIURQWRFHQWUDOHOHFWURGHVLWHV+ROUR\G	&ROHV





RQ QHJDWLYH IHHGEDFN WULDOV RQO\ DQG ODUJHU )51V IRU XQH[SHFWHG FRPSDUHG WR
H[SHFWHGRXWFRPHWULDOV,QOLQHZLWKWKLV LWZDVVKRZQWKDW LQDWLPHHVWLPDWLRQ
WDVN LWZDV IRXQG WKDW WKH )51 LV VHQVLWLYH WR H[SHFWDQF\ +ROUR\G	 .ULJROVRQ
DQGLVODUJHVWIRUQHJDWLYHSUHGLFWLRQHUURUVFRPSDUHGWRSRVLWLYHSUHGLFWLRQ















not selectively involved in error processing but are involved in a more general 
SHUIRUPDQFH PRQLWRULQJ V\VWHP WKDW LV DFWLYDWHG E\ YLRODWLRQV RI H[SHFWDQF\
ZKLFKFDQEHHLWKHUZRUVHRUEHWWHUWKDQH[SHFWHG7KLV LVJHQHUDOO\ LQ OLQHZLWK
UHFHQWQRWLRQVWKDWWKH$&&DQGS0)&DUHLQYROYHGQRWRQO\LQHUURURUSXQLVKPHQW









SUHVHQWDWLRQDWSRVWHULRUSDULHWDOVLWHV ,QJHQHUDO WKH3 LV WKRXJKW WRUHȵHFW
DWWHQWLRQDOUHDOORFDWLRQWRDQHZWDVNUHOHYDQWVWLPXOXVLHXSGDWLQJRIDVWLPXOXV
UHSUHVHQWDWLRQ'RQFKLQ	&ROHV,WLVHOLFLWHGZKHQDVWLPXOXVLVQRW





IRU GLIIHUHQW DVSHFWV RI RXWFRPH HYDOXDWLRQ <HXQJ 	 6DQIH\  +RZHYHU












EHKDYLRUDOUHVSRQVHV LVRQO\SUHVHQW IRUQHJDWLYHEXWQRW IRUSRVLWLYH IHHGEDFN
7KXVYDOHQFHHIIHFWVSRVLWLYHYHUVXVQHJDWLYHSUHGLFWLRQHUURUDUHFRQIRXQGHGE\
WKHQHHGIRUEHKDYLRUDODGMXVWPHQW
7KH JRDO RI WKH SUHVHQW VWXG\ ZDV WR LQYHVWLJDWH HIIHFWV RI ERWK SRVLWLYH DV
ZHOO DV QHJDWLYH YLRODWLRQV RI H[SHFWDQF\ RQ )51DPSOLWXGHVZLWKRXW WKHXVXDO
FRQIRXQG IRUEHKDYLRUDO DGMXVWPHQWV 7RDFKLHYH WKLVZHKDYHXVHGD UHYHUVDO
OHDUQLQJ WDVN LQ ZKLFK ERWK SRVLWLYH DV ZHOO DV QHJDWLYH XQH[SHFWHG IHHGEDFN
VLJQDOHGWKHQHHGIRUEHKDYLRUDODGDSWDWLRQ$FFRUGLQJO\WKHGHJUHHRIRXWFRPH
H[SHFWDQF\ DQG WKH QHHG IRU EHKDYLRUDO DGDSWDWLRQ ZHUH PDWFKHG H[DFWO\ IRU
SXQLVKPHQW DQG UHZDUG HYHQWV 7KLV GHVLJQ SURYLGHV D XQLTXH RSSRUWXQLW\ WR
LQYHVWLJDWHZKHWKHU WKH )51 LV LQYROYHG LQ EHKDYLRUDO DGMXVWPHQW RUZKHWKHU LW
LV VSHFLȴFDOO\ VHQVLWLYH WR YDOHQFH ,Q WKH WDVN VXEMHFWV KDYH WR OHDUQ VWLPXOXV
outcome mappings through observation and were asked to predict whether a 









WKLV VWLPXOXVZDV VKRZQ ,IKRZHYHUDSXQLVKPHQWRXWFRPHZDVSUHGLFWHGDQG
WKH DFWXDO RXWFRPHZDV D SXQLVKPHQW WKHQ WKLVZRXOG LQGLFDWH DPDWFK (YHQ
WKRXJKLQWKLVFDVHWKHRXWFRPHLVDSXQLVKPHQWWKLVZRXOGQRWFDOOIRUDFKDQJH
LQ SUHGLFWLRQ ,Q WKLV H[DPSOH SRVLWLYH RXWFRPHV WKXV VLJQDOHG WKH QHHG IRU
EHKDYLRUDODGDSWDWLRQ1RWHWKDWWKLVLVGLIIHUHQWIURPSUHYLRXVH[SHULPHQWVZKHUH
WKHRXWFRPHXVXDOO\GHSHQGHGGLUHFWO\RQWKHUHVSRQVHJLYHQ$VDUHVXOWLQWKRVH
SUHYLRXVVWXGLHVSRVLWLYHYLRODWLRQVRIH[SHFWDWLRQVGLGQRW WULJJHU WKHQHHG IRU
EHKDYLRUDODGDSWDWLRQWRWKHVDPHH[WHQWDVGLGQHJDWLYHYLRODWLRQVWKXVFUHDWLQJD
SRVVLEOHFRQIRXQG,QWKHFXUUHQWVWXG\KRZHYHURXWFRPHVZLOOQRWGHSHQGRQWKH

















for participation and gave written informed consent in a manner approved by the 
ORFDOHWKLFVFRPPLWWHHRQUHVHDUFKLQYROYLQJKXPDQSDUWLFLSDQWV&02
5.2.2. Task and Procedure
Task
3DUWLFLSDQWV FRPSOHWHG D UHYHUVDO OHDUQLQJ WDVN IRU PRUH GHWDLOV VHH &RROV
$OWDPLUDQR 	 'ȇ(VSRVLWR  &RROV 5RELQVRQ 	 6DKDNLDQ  LQ ZKLFK
VWLPXOXVRXWFRPH DVVRFLDWLRQV KDG WR EH IRUPHG 6XEMHFWV ZHUH WROG WKDW WKH\
ZRXOGEHREVHUYLQJDVLPSOHFDUGJDPHZLWKWZRFDUGVSOD\HGE\VRPHRQHHOVH
2QH FDUGZDV DVVRFLDWHGZLWKZLQQLQJPRQH\ WKH RWKHUZLWK D ORVV DQG WKHVH
UHZDUGUXOHVZRXOGFKDQJHHYHU\QRZDQGWKHQ7KH\ZHUHH[SOLFLWO\WROGWKDWWKH
VWLPXOXVRXWFRPHPDSSLQJ FRXOG FKDQJH VRPHWLPHV $V REVHUYHUV RI WKH FDUG
JDPHVXEMHFWVZHUHDEOHWRVHHWKHSOD\HUVȇIDFHVLQUHVSRQVHWRWKHRXWFRPHDQG
could thus deduct which card leads to winning money (indicated by a happy face 
RIWKHSOD\HUDQGZKLFKZRXOGOHDGWRDORVVRIPRQH\LQGLFDWHGE\DIHDUIXOIDFH
RIWKHSOD\HU,QHDFKWULDOWKHFDUGSOD\HUVHOHFWVRQHRIWKHWZRFDUGV7KHWDVN
of the subject was to predict if the chosen card would lead to winning or losing 
PRQH\ZKLFKFRXOGEHYHULȴHGRQWKHEDVLVRIWKHIDFLDOH[SUHVVLRQRIWKHSOD\HU


























'XULQJ WKH WDVN VWLPXOXVRXWFRPH FRQWLQJHQFLHV ZHUH UHYHUVHG IUHTXHQWO\
GHSHQGLQJRQWKHDWWDLQPHQWRIWKHOHDUQLQJFULWHULRQZKLFKYDULHGEHWZHHQWR
 FRQVHFXWLYH FRUUHFW UHVSRQVHV WRSUHYHQWSUHGLFWDELOLW\RI UHYHUVDOV 5HYHUVDOV
ZHUHVLJQDOHGWR WKHSDUWLFLSDQWE\HLWKHUDQXQH[SHFWHGKDSS\IDFH SUHVHQWHG
DIWHUDVWLPXOXVWKDWZDVSUHYLRXVO\IROORZHGE\DIHDUIXOIDFHRUDQXQH[SHFWHG
fearful face (presented after a stimulus that was previously followed by a happy 
IDFH6XEMHFWVKDG WRDGMXVW WKHLUSUHGLFWLRQVRQ WKH WULDO LPPHGLDWHO\DIWHU WKH
XQH[SHFWHGRXWFRPHWKHVRFDOOHGVZLWFKWULDO7KHVWLPXOXVWKDWZDVKLJKOLJKWHG
on this switch trial was identical to the stimulus highlighted on the previous 




(DFK SDUWLFLSDQW SHUIRUPHG D SUDFWLFH EORFN ZKLFK ZDV UHSHDWHG XQWLO RQH
















































HJ D KDSS\RXWFRPHZKHQ WKHSDUWLFLSDQWSUHGLFWHG D IHDUIXO RXWFRPH %RWK
3DJH_3DJH_ 5HVXOWV0HWKRGV
W\SHVRIXQH[SHFWHGRXWFRPHVZHUHWDNHQWRJHWKHUDQGZHUHDVVHVVHGDJDLQVWD




%RWKDFFXUDF\ SHUFHQWDJHVRIFRUUHFW UHVSRQVHVDQG57VZHUHVXEPLWWHG WR
UHSHDWHG PHDVXUHV $129$V ZLWK WZR ZLWKLQVXEMHFW IDFWRUV RXWFRPH YDOHQFH
KDSS\YHUVXVIHDUIXODQGH[SHFWDQF\XQH[SHFWHGRXWFRPHDVGHȴQHGDERYHLH
VZLWFK WULDOV DIWHU XQH[SHFWHG RXWFRPHV YHUVXV QRQVZLWFK WULDOV DIWHU H[SHFWHG
RXWFRPHV3ODQQHGSDLUZLVHFRPSDULVRQVXVLQJSDLUHGtWHVWVZHUHFRQGXFWHG



























)51 DPSOLWXGHV ZHUH VXEPLWWHG WR D UHSHDWHG PHDVXUHV $129$ ZLWK WZR
ZLWKLQVXEMHFW IDFWRUV RXWFRPH YDOHQFH KDSS\ YHUVXV IHDUIXO DQG H[SHFWDQF\
H[SHFWHG YHUVXV XQH[SHFWHG ([SHFWHGRXWFRPHVZHUH GHȴQHG DV DOO FRUUHFWO\
SUHGLFWHGRXWFRPHVWKDWIROORZHGH[SHFWHGRXWFRPHVLHFRUUHFWQRQVZLWFKWULDOV
DIWHUFRUUHFWH[SHFWHGWULDOV:KLOHWKHEHKDYLRUDODQDO\VHVIRFXVVHGRQWULDOVafter 
DFHUWDLQRXWFRPH WRDVVHVVHIIHFWRI OHDUQLQJ IURPWKDWSUHYLRXVRXWFRPH(53
analyses focussed onWKHRXWFRPHHYHQWLWVHOI
3DPSOLWXGHVDW3]ZHUH VXEPLWWHG WR VLPLODU UHSHDWHGPHDVXUHV$129$
ZLWK RXWFRPH YDOHQFH KDSS\ YHUVXV IHDUIXO DQG H[SHFWDQF\ H[SHFWHG YHUVXV
XQH[SHFWHG $ SULRUL SODQQHG SDLUZLVH FRPSDULVRQV XVLQJ SDLUHG t-test were 







main effect of valence (F p Ƒt 7KHUHZDVDOVRQRPDLQ
HIIHFWRIH[SHFWDQF\F p Ƒt +RZHYHUDQLQWHUDFWLRQ
EHWZHHQYDOHQFHDQGH[SHFWDQF\F p Ƒt ZDVIRXQG
)ROORZXSt-tests showed that the interaction was due to higher accuracy on trials 
DIWHU H[SHFWHG KDSS\ RXWFRPHV WKDQ RQ WULDOV DIWHU H[SHFWHG IHDUIXO RXWFRPHV
(t   ptwo sided   PHDQ DFFXUDF\ DIWHU H[SHFWHG KDSS\ RXWFRPHV  
PHDQDFFXUDF\DIWHUH[SHFWHG IHDUIXORXWFRPHV  ,QDGGLWLRQ
WKHUH ZDV D WUHQG IRU DFFXUDF\ WR EH KLJKHU RQ WULDOV DIWHU XQH[SHFWHG IHDUIXO

































 pƑt DQGDPDLQHIIHFWRIH[SHFWDQF\F 





































DQGH[SHFWDQF\ H[SHFWHGYHUVXVXQH[SHFWHGDVZLWKLQVXEMHFW IDFWRUV UHYHDOHG
QRPDLQHIIHFWRIH[SHFWDQF\F p ƑtFigure 5.5.Figure 
5.6.$PDLQHIIHFWRIYDOHQFHZDVSUHVHQWF p Ƒt 
Figure 5.4.Figure 5.5.UHVXOWLQJIURPODUJHU)51DPSOLWXGHVIRUIHDUIXOFRPSDUHG
WRKDSS\RXWFRPHV7KHLQWHUDFWLRQEHWZHHQYDOHQFHDQGH[SHFWDQF\GLGQRWUHDFK
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HIIHFWRIH[SHFWDQF\F p Ƒt 3DPSOLWXGHVZHUH
ODUJHUIRUXQH[SHFWHGWKDQH[SHFWHGRXWFRPHVFigure 5.6.%\FRQWUDVWWKHUHZDV












RXWFRPHV ZHUH RIWHQ PRUH XQH[SHFWHG WKDQ ZHUH SRVLWLYH RXWFRPHV HJ 'H
%UXLMQ 0DUV 	 +XOVWLMQ  2OLYHLUD HW DO  3IDELJDQ HW DO  DQG
QHJDWLYH RXWFRPHVRIWHQ VLJQDOHG WKHQHHG IRU EHKDYLRUDO DGMXVWPHQWZKHUHDV
SRVLWLYHRXWFRPHVGLGQRW HJ0DUVGH%UXLMQ+XOVWLMQ0LOWQHU	&ROHV
2OLYHLUDHWDOYDQGHU+HOGHQHWDO
7KHXVHRI WKLV XQLTXHGHVLJQ HQDEOHGXV WR HVWDEOLVK IRU WKHȴUVW WLPH WKDW
)51DPSOLWXGHVFRGHRXWFRPHYDOHQFHEXWQRWRXWFRPHH[SHFWDQF\RUWKHQHHG
IRU EHKDYLRUDO DGMXVWPHQW 7KXV )51 DPSOLWXGHV ZHUH ODUJHU IRU SXQLVKPHQW
RXWFRPHVWKDQIRUUHZDUGRXWFRPHVHYHQWKRXJKWKHVHHYHQWVZHUHPDWFKHGLQ
WHUPVRIH[SHFWDQF\DQGWKHQHHGIRUEHKDYLRUDODGMXVWPHQW7KLVȴQGLQJLVRQO\
SDUWO\ LQ OLQHZLWK5/ WKHRU\ +ROUR\G	&ROHV ZKLFKSUHGLFWV ODUJHU )51











YHUVXV ORVV DQGQRW WKHSHUIRUPDQFH LQIRUPDWLRQ LH FRUUHFW YHUVXV LQFRUUHFW








D FRUUHFWLQFRUUHFW GLPHQVLRQ &RPSDUHGZLWK SUHYLRXV VWXGLHVZH FDQ DVFULEH










RXWFRPHV IURPSUHYLRXV VWXGLHV LQZKLFK WLPHHVWLPDWLRQ WDVNVZHUHXVHG HJ
+ROUR\G 	 .ULJROVRQ  2OLYHLUD HW DO  2OLYHLUD DQG FRZRUNHUV DOVR
VSHFLȴFDOO\LQYHVWLJDWHGYDOHQFHHIIHFWVDQGIRXQGODUJHU)51DPSOLWXGHVRQWULDOV
RQZKLFKXQH[SHFWHGSRVLWLYH IHHGEDFNZDVSUHVHQWHG IROORZLQJ ODUJH LQFRUUHFW
WLPH HVWLPDWLRQV+RZHYHU DV 3IDELJDQ HW DO  SRLQWHGRXW WKH LQFUHDVHG
)51DPSOLWXGHVLQWKH2OLYHUDHWDOVWXG\PD\DFWXDOO\KDYHUHVXOWHGIURP















H[SHFWHG DQG XQH[SHFWHG IHHGEDFN &RKHQ DQG 5DQJDQDWK  XVHG D
SUREDELOLVWLF OHDUQLQJ WDVN WR VKRZ WKDW WKH )51 SUHGLFWV EHKDYLRUDO FKDQJH RQ
WKHXSFRPLQJWULDO:HKDGDOUHDG\IDLOHGWRUHSOLFDWHWKLVȴQGLQJXVLQJDUHYHUVDO





V\VWHP FRPPRQO\ DVVRFLDWHG ZLWK WKH EDVDO JDQJOLD DQG QRW ZKHQ WKH WDVN
requires a model- or rule-based behavioral control system (associated commonly 
ZLWK FRUWLFDO VWUXFWXUHV 7KH SUHGLFWLRQ HUURUV LQ WKH FXUUHQW GHWHUPLQLVWLF
prediction task are more likely to represent model- or rule-based prediction errors 
WKDQPRGHOIUHHKDELWOLNHLPSOLFLWSUHGLFWLRQHUURUV$FFRUGLQJO\WKHODFNRIDQ
)51 IRUXQH[SHFWHGRXWFRPHV LQ WKHFXUUHQW WDVN LV LQ OLQHZLWK WKLVK\SRWKHVLV
VWDWHG E\ &KDVH HW DO  7RJHWKHU WKHVH UHVXOWV VXJJHVW WKDW WKH QHHG IRU
EHKDYLRUDODGMXVWPHQWLVQRWDFRUHIHDWXUHRIWKH)51,QVWHDGWKHUHVXOWVVXJJHVW
WKDW WKH )51 FRGHV RXWFRPH YDOHQFH 7KLV YDOHQFH HIIHFW FRLQFLGHVZLWK FRGLQJ





WRZKLFKXQH[SHFWHG HYHQWV RI VXɝFLHQWZHLJKW HOLFLW ODUJH3VEHFDXVH WKH\
UHTXLUHDXWRPDWLFXSGDWLQJRIUHSUHVHQWDWLRQV2XUUHVXOWVȴWZHOOZLWKWKHQRWLRQ
WKDW WKH3 LV HOLFLWHGZKHQDQHYHQW LV LQFRQVLVWHQWZLWK WKH FXUUHQW FRQWH[W
WKXVHOLFLWLQJEHKDYLRUDODGDSWDWLRQ7KHȴQGLQJWKDW57VDUHSURORQJHGRQWULDOV
DIWHUXQH[SHFWHGRXWFRPHV LV LQ OLQHZLWK WKLVDFFRXQW6XEMHFWVKDYH WRXSGDWH
their stimulus-outcome associations and adjust their responses accordingly 
ZKLFKLVWLPHFRQVXPLQJ,QVWXGLHVLQZKLFKERWK)51DQG3DPSOLWXGHVZHUH












IHDUIXO IDFHV LQGXFH DYRLGDQFHZKLOH VWLPXOLZLWK D SRVLWLYH YDOHQFH LQGXFH DQ
DSSURDFK UHVSRQVH 7KH FXUUHQWO\ IRXQG EHKDYLRUDO SDWWHUQPD\ WKXV UHȵHFW D






E\ EHKDYLRUDO DGMXVWPHQW ,Q FRQWUDVW RXU UHVXOWV VKRZ D FOHDU GLIIHUHQWLDWLRQ
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3DJH_3DJH_ ,QWURGXFWLRQ  
Abstract
3V\FKRSDWK\LVWKRXJKWWREHDFFRPSDQLHGE\SRRUQHJDWLYHIHHGEDFNSURFHVVLQJ
DQG SRRU EHKDYLRUDO DGDSWDWLRQ +RZHYHU VR IDU VWXGLHV KDYH XVHG SDUDGLJPV
LQZKLFKEHKDYLRUDODGDSWDWLRQZDV UHTXLUHGRQO\DIWHUQHJDWLYH IHHGEDFN7KXV
negative feedback processing and behavioral adaptation were confounded in prior 




WR LQGH[ WKH IHHGEDFNUHODWHG QHJDWLYLW\ )51 DQ (53 RIWHQ REVHUYHG GXULQJ
XQH[SHFWHG RXWFRPHV )LIWHHQ FULPLQDO PDOH SV\FKRSDWKV 3&/5 Ȳ  DQG 
matched healthy male controls performed a reversal-learning task with facial 
H[SUHVVLRQVDVRXWFRPHFXHVZKLOH((*ZDVUHFRUGHG$QDO\VHVIRFXVHGRQUHYHUVDO
OHDUQLQJSHUIRUPDQFHDQGWKH)51%HKDYLRUDOUHVXOWVUHYHDOHGRYHUDOOGLPLQLVKHG
OHDUQLQJ LQ SV\FKRSDWK\ &RPSDUHG WR KHDOWK\ FRQWUROV )51 DPSOLWXGHV ZHUH
GHFUHDVHG LQSV\FKRSDWK\ IRUERWKSRVLWLYHDQGQHJDWLYHXQH[SHFWHGRXWFRPHV
,QDGGLWLRQSV\FKRSDWKVDOVRH[KLELWHGUHGXFHGSURFHVVLQJRIQHJDWLYHRXWFRPHV
UHJDUGOHVVRI WKHLU XQH[SHFWHGQDWXUH 7KHUHZDVQRHIIHFWRISV\FKRSDWK\RQ
WKHLQWHUDFWLRQEHWZHHQH[SHFWDQF\DQGYDOHQFHDOWKRXJKWKLVPD\UHȵHFWDODFN
RI VWDWLVWLFDO SRZHU )RU ERWK JURXSV )51 DPSOLWXGHV RQ XQH[SHFWHG QHJDWLYH
RXWFRPHV FRUUHODWHG ZLWK DFFXUDF\ RQ WKH VXEVHTXHQW WULDO 7KHVH SUHOLPLQDU\






3DWWHUVRQ	 .RVVRQ  DQG OHDUQLQJ WDVNV %ODLU0RUWRQ /HRQDUG	%ODLU
%ODLU0LWFKHOO/HRQDUGHWDO%XGKDQL	%ODLU%XGKDQL5LFKHOO








DSDVVLYHDYRLGDQFH OHDUQLQJ WDVNSHUIRUPDQFH LQ WKH33JURXSZDVPRGXODWHG
RQO\E\ UHZDUGDQGQRWE\SXQLVKPHQW 7KLV HYLGHQFHKDV OHG VRPH WR VXJJHVW
that psychopathy is accompanied by selective punishment processing problems 
3HVFKDUGW0RUWRQ	%ODLU,QFRQWUDVWRWKHUVKDYHSURSRVHGWKDWWKHFRUH
GHȴFLWLQSV\FKRSDWK\LVDQLQDELOLW\WRSURFHVVDQGXVHXQH[SHFWHGRUSHULSKHUDO
FRQWH[WXDO LQIRUPDWLRQ UHJDUGOHVVRI WKHLU YDOHQFH WR UHJXODWHRQJRLQJEHKDYLRU
1HZPDQ6FKPLWW	9RVV3DWWHUVRQ	1HZPDQ
$SRVVLEOHFRQIRXQGLQVWXGLHVLQYHVWLJDWLQJSXQLVKPHQWSURFHVVLQJLQ33VRIDU
is that adequate performance on the punishment-related tasks required not only 
WKHSURFHVVLQJRISXQLVKPHQW EXW DOVR WKHDELOLW\ WR DGMXVWRU VZLWFKEHKDYLRU
7KXVDQ\GHȴFLWRQWKHVHWDVNVPD\UHȵHFWQRWRQO\DSUREOHPZLWKSXQLVKPHQW
SURFHVVLQJ EXW DOVR D SUREOHPZLWK EHKDYLRUDO DGMXVWPHQW 7R VROYH WKLV LVVXH
the current study employs a stimulus-outcome reversal learning paradigm in 
which positive and negative outcomes are matched in terms of the degree to 
ZKLFK WKH\ HOLFLW EHKDYLRUDO DGMXVWPHQW &RROV $OWDPLUDQR 	 'ȇ(VSRVLWR 
&RROV5RELQVRQ	6DKDNLDQYRQ%RUULHV9HUNHV%XOWHQ&RROV	GH%UXLMQ
7KLVDOORZVLQYHVWLJDWLQJERWKUHZDUGDQGSXQLVKPHQWSURFHVVLQJZLWKRXW







GHȴFLWV LQSV\FKRSDWK\DUH UHODWHG WR VLJQDOV IRUDGMXVWLQJEHKDYLRU LUUHVSHFWLYH
RI WKHLU YDOHQFHZHH[SHFWSV\FKRSDWKV WR VKRZGHFUHDVHGDFFXUDF\DIWHUERWK
XQH[SHFWHG UHZDUG DQG XQH[SHFWHG SXQLVKPHQW WULDOV ,I KRZHYHU GHȴFLWV DUH
UHODWHG WRFRGLQJRUXVLQJSXQLVKPHQW LQIRUPDWLRQRQO\ WKHQZHH[SHFW WRȴQG
GHFUHDVHGDFFXUDF\RQO\RQWKHQHJDWLYHWULDOVZKLFKVLJQDODORVV
$Q HYHQWUHODWHG SRWHQWLDO (53 FRPSRQHQW WKDW LV UHODWHG WR OHDUQLQJ IURP
HUURUV DQG QHJDWLYH RXWFRPHV LV WKH HUURUUHODWHG QHJDWLYLW\ (51 )DONHQVWHLQ
+RKQVEHLQ+RRUPDQQ	%ODQNH*HKULQJ*RVV&ROHV0H\HU	'RQFKLQ
+ROUR\G	&ROHV  7KLV QHJDWLYH JRLQJ (53 FRPSRQHQW LV HOLFLWHG DW
WKHHDUOLHVWSRVVLEOHGHWHFWLRQRIDQRXWFRPHEHLQJZRUVHWKDQH[SHFWHGQHJDWLYH
RXWFRPHSUHGLFWLRQHUURU7KLVFDQHLWKHUKDSSHQDWWKHPRPHQWRIWKHHUURQHRXV
UHVSRQVH LWVHOI WKHVRFDOOHG UHVSRQVH(51RU U(51RUDW WKH ODWHUPRPHQWRI
UHFHLYLQJIHHGEDFNIHHGEDFN(51RU)51
3UHYLRXV UHVHDUFK RQ WKH (51 IURP RXU ODE VXJJHVWV WKDW LQGLYLGXDOV ZLWK
SV\FKRSDWK\ GLIIHU LQ WKH H[WHQW LQ ZKLFK WKH\ XVH QHJDWLYH SHUIRUPDQFH
LQIRUPDWLRQ FRPSDUHG WR KHDOWK\ FRQWUROV $V PHQWLRQHG WKH SDUDGLJPV XVHG










of a forensic psychiatric institute in the Netherlands1 with a psychopathy score 
RI Ȳ  DFFRUGLQJ WR WKH 3V\FKRSDWK\ &KHFN /LVW  5HYLVHG 3&/5 +DUH 






DJH SD UDQJH \HDUVPHDQ3&/5 SD )RUWKHFRQWURO
JURXSȴIWHHQKHDOWK\PDOHFRQWUROV+&PDWFKHGIRUDJHPHDQ SD DQG
,4DQGZLWKRXWDFULPLQDOUHFRUGRUDKLVWRU\RISV\FKLDWULFGLVRUGHUZHUHUHFUXLWHG
All participants were checked for drug use and for medical/neurological history2 
(for characteristics of the two groups see Table 6.1.3V\FKLDWULFFRPRUELGLW\ZDV
DVVHVVHGXVLQJWKH0,1,'60,9D[LV,GLVRUGHUV9DQ9OLHW/HUR\	YDQ0HJHQ
DQG6&,',, '60,9D[LV ,,GLVRUGHUV 9DQ*URHQHVWLMQ$NNHUKXLV.XSND
6FKQHLGHU	1ROHQ
 7KH3RPSHVWLFKWLQJLVDȌ7%6FOLQLFȊORFDWHGLQ1LMPHJHQ7%6LVDGLVSRVDOWREHWUHDWHGRQ







 KRXUV EHIRUHPHDVXUHPHQW+LVWRU\ RI WUDXPD FDSLWLV YLVXDO DQG DXGLWLYH GLVRUGHUV
QHXURORJLFDO GLVRUGHUV ȴUVW GHJUHH UHODWLYH ZLWK DQ\ UHOHYDQW QHXURORJLFDO GLVRUGHU





Table 6.1. Characteristics and demographics for the group of patients with 
SV\FKRSDWK\ 33 DQG WKH JURXS RI KHDOWK\ FRQWURO VXEMHFWV +& VKRZLQJ WKH
0HDQ6WDQGDUG'HYLDWLRQDQG7HVWVWDWLVWLFp
PP HC P-value
Age   




6.2.2. Tasks and design
$OO SDUWLFLSDQWV SHUIRUPHG WZR WDVNV 7R GHWHUPLQH WKHLU DELOLW\ WR UHFRJQL]H
HPRWLRQV WKH\ ȴUVW SHUIRUPHG DPRUSKHG IDFHV UHFRJQLWLRQ WDVN 5HVXOWV IURP
this task were used to select optimal feedback stimuli for the subsequent reversal-
OHDUQLQJWDVN
Morphed facial emotion recognition task
Individuals with psychopathy are known to have impairments in the recognition 
RIIDFLDOHPRWLRQV0DUVK	%ODLU,QRUGHUWRSHUIRUPZHOORQWKHUHYHUVDO
OHDUQLQJWDVNRQHKDVWREHDEOHWRGLIIHUHQWLDWHEHWZHHQHPRWLRQDOH[SUHVVLRQV7R
control for the possibility that abnormal performance on this task was not caused 
















corresponding number which had to be pressed in order to indicate which emotion 
ZDVVHHQ7KHUHZDVQRUHVSRQVHWLPHOLPLWIRUWKHVHFRQGUHVSRQVH+HUHZHRQO\
report the intensity level for fearful and happy faces (used in the reversal-learning 
WDVNWKDWZHUHQHHGHGLQRUGHUWRJHWFRUUHFWUHVSRQVHV
Reversal-Learning Task (RL task)
$UHYHUVDOOHDUQLQJWDVNIRUPRUHGHWDLOVVHH&RROVHWDO&RROVHWDO
ZDVXVHGLQZKLFKVWLPXOXVRXWFRPHDVVRFLDWLRQVKDGWREHIRUPHG2QHDFKWULDO




participants had to predict whether the highlighted stimulus would lead to a happy 
or a fearful face by pressing one of two response buttons with their right or left 
LQGH[ȴQJHU IRUGHWDLOHG LQVWUXFWLRQVVHH&RROVHWDO2XWFRPHUHVSRQVH
PDSSLQJVZHUH FRXQWHUEDODQFHGEHWZHHQ VXEMHFWV )ROORZLQJ WKH UHVSRQVH WKH







UHVSRQVH DQG WKH RXWFRPH ,QWHUWULDO LQWHUYDOVZHUH MLWWHUHGEHWZHHQ 
PV
'XULQJ WKH WDVN VWLPXOXVRXWFRPH FRQWLQJHQFLHV ZHUH UHYHUVHG IUHTXHQWO\




RU DQ XQH[SHFWHG IHDUIXO IDFH SUHVHQWHG DIWHU D VWLPXOXV WKDW ZDV SUHYLRXVO\
3DJH_3DJH_ 0HWKRGV0HWKRGV
DVVRFLDWHG ZLWK D KDSS\ IDFH 3DUWLFLSDQWV ZHUH LQIRUPHG DERXW WKH IDFW WKDW
contingencies could change and that they had to adjust their predictions on the 
WULDOLPPHGLDWHO\IROORZLQJWKHXQH[SHFWHGRXWFRPHWKHswitchWULDO7KHVWLPXOXV


































WULDOV QRQVZLWFK WKH ORZHUURZDQXQH[SHFWHGRXWFRPHIROORZHGE\DVZLWFK
UHYHUVDO
6.2.3. Procedure
3DUWLFLSDQWV UHFHLYHG ZULWWHQ LQIRUPDWLRQ DERXW WKH H[SHULPHQW DQG VLJQHG DQ
LQIRUPHG FRQVHQW EHIRUH EHLQJ VFUHHQHG IRU SV\FKLDWULF H[FOXVLRQ FULWHULD E\
WUDLQHG SV\FKRORJLVWV XVLQJ WKH 6&,',, DQG0,1, $OO TXHVWLRQQDLUHVZHUH ȴOOHG






EEG recording and data processing
((* DFTXLVLWLRQ ZDV GRQH XVLQJ D 4XLFN$PS DPSOLȴHU %UDLQSURGXFWV 0XQLFK










3OHDVH QRWH WKDW WKH EHKDYLRUDO DQDO\VHV IRFXVVHG RQ WULDOV after a certain 
RXWFRPHWRDVVHVVHIIHFWRI OHDUQLQJIURPWKDWSUHYLRXVRXWFRPHZKLOHWKH(53





too late responses (t  p  PHDQKHDOWK\FRQWUROV PHDQ
SV\FKRSDWKLFVXEMHFWV 
$FFXUDF\  FRUUHFW DQG 57V ZHUH DQDO\VHG XVLQJ UHSHDWHG PHDVXUHV
$129$VZLWKWZRZLWKLQVXEMHFW IDFWRUVRXWFRPHYDOHQFH KDSS\YHUVXV IHDUIXO












subject and condition separately using a 200 ms pre-outcome baseline 
7KH)51DPSOLWXGHZDVGHȴQHGDVWKHGLIIHUHQFHEHWZHHQWKHPRVWQHJDWLYH
peak in the post- stimulus window of 200-400 and its preceding positive peak 
DW HOHFWURGH )] DQG )&] HJ &RKHQ	 5DQJDQDWK  *HQWVFK 8OOVSHUJHU 	
8OOVSHUJHU<HXQJ	6DQIH\
7KHGHULYHGLQGLYLGXDOPHDQ)51DPSOLWXGHVZHUHVXEPLWWHGWRVHSDUDWHLQLWLDO








Morphed facial emotion recognition task
Independent samples t-tests revealed that the groups did not differ with respect 
WR WKH HPRWLRQDO LQWHQVLW\ QHHGHG WR FRUUHFWO\ LGHQWLI\  RI WKH H[SUHVVLRQV





w9F p 1RPDLQHIIHFWRIJURXSRUYDOHQFHZDVIRXQGERWKFs 
DQGQRLQWHUDFWLRQEHWZHHQYDOHQFHDQGH[SHFWDQF\F p 1RQHRI
WKHRWKHULQWHUDFWLRQVZHUHVLJQLȴFDQWDOOFs






Results are illustrated in Figure 6.2. and Figure 6.3. 1RQH RI WKHPDLQ HIIHFWV
UHDFKHGVLJQLȴFDQFHJURXSF p Ƒt H[SHFWDQF\F
 p Ƒt )RUYDOHQFHDQGHOHFWURGHFs,PSRUWDQWO\KRZHYHU
WKHLQWHUDFWLRQVEHWZHHQYDOHQFH[JURXSF p Ƒt DQG
EHWZHHQH[SHFWDQF\[JURXSF p Ƒt ZHUHVLJQLȴFDQW







p  Ƒt  EXW WKH\GLVSOD\HGUHGXFHG)51DPSOLWXGHV IRUXQH[SHFWHG
RXWFRPHVw9FRPSDUHGWRWKHKHDOWK\FRQWUROVw9F p 
Ƒt $GGLWLRQDOO\WKHJURXSVGLGQRWGLIIHULQ)51DPSOLWXGHVIRUKDSS\




)LQDOO\ H[SORUDWRU\ DQDO\VHV ZHUH FRQGXFWHG WR LQYHVWLJDWH WKH UHGXFHG
DPSOLWXGHV RQ XQH[SHFWHG DQG RQ IHDUIXO RXWFRPHV IXUWKHU *URXSFRQWUDVWV
EHWZHHQ)51DPSOLWXGHVRQWKHIRXUGLIIHUHQWRXWFRPHVVKRZHGWKDWLQGLYLGXDOV
ZLWKSV\FKRSDWKLF VXEMHFWVKDG UHGXFHGDPSOLWXGHVRQO\RQXQH[SHFWHG IHDUIXO
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Figure 6.3. )51 DPSOLWXGHV FROODSVHG RYHU )] DQG )&] DQG IRU ERWK JURXSV 33





are illustrated in Figure 6.4. $ VLJQLȴFDQWPDLQ HIIHFW RI JURXS LQGLFDWHG ORZHU
RYHUDOO DFFXUDF\ UDWHV IRU WKH SV\FKRSDWKLF JURXS KHDOWK\ FRQWUROV   
SV\FKRSDWKLFVXEMHFWV F p Ƒt $PDLQHIIHFW
RI H[SHFWDQF\ ZDV IRXQG UHȵHFWLQJ WKDW UHVSRQVHV ZHUH OHVV DFFXUDWH DIWHU
XQH[SHFWHGRXWFRPHVLHUHYHUVDOFRPSDUHGWRH[SHFWHGRXWFRPHVLH
QRQUHYHUVDOF p Ƒt 7KHPDLQHIIHFWRIYDOHQFH
ZDVQRWVLJQLȴFDQWLQGLFDWLQJWKDWDFFXUDF\RQUHVSRQVHVDIWHUIHDUIXORXWFRPHV
 GLG QRW GLIIHU IURP DFFXUDF\ DIWHU KDSS\ RXWFRPHV  F   
p Ƒt 1RLQWHUDFWLRQEHWZHHQYDOHQFH[H[SHFWDQF\ZDVIRXQG




ZLWK DQ DUURZ XQH[SHFWHG IHDUIXOSXQLVKPHQW 83 XQH[SHFWHG KDSS\UHZDUG
85 H[SHFWHG IHDUIXOSXQLVKPHQW (3 DQG H[SHFWHG KDSS\UHZDUG RXWFRPHV
(5IRUWKHJURXSRISV\FKRSDWKV33DQGKHDOWK\FRQWUROV+&
Figure 6.4.GLVSOD\V WKHPHDQ57V IRU WKHKHDOWK\FRQWUROVDQGSV\FKRSDWKLF
VXEMHFWVIRUHDFKRIWKHFRQGLWLRQV7KHUHZDVDVLJQLȴFDQWPDLQHIIHFWRIH[SHFWDQF\






774 ms; t   p    1HLWKHU WKH LQWHUDFWLRQEHWZHHQ YDOHQFH DQG
group (F p Ƒt QRUEHWZHHQH[SHFWDQF\DQGJURXSQRU
WKHWKUHHZD\LQWHUDFWLRQZDVVLJQLȴFDQWERWKFsVHHFigure 6.4.
Correlation between FRN and accuracy
7RDVVHVVZKHWKHUWKHUHLVDUHODWLRQVKLSEHWZHHQ)51DPSOLWXGHVDQGEHKDYLRUDO
SHUIRUPDQFHFRUUHODWLRQVZHUHGRQHDFURVVJURXSV5HVXOWV LQGLFDWHGDQHJDWLYH
FRUUHODWLRQ EHWZHHQ )51 DPSOLWXGHV RQ XQH[SHFWHG IHDUIXO RXWFRPHV DQG
accuracy following these outcomes (r p DOORWKHUp!LQGLFDWLQJ
WKDWVPDOOHU LH OHVVQHJDWLYH)51DPSOLWXGHVZHUHDVVRFLDWHGZLWKGHFUHDVHG
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7KH DLP RI WKH SUHVHQW VWXG\ ZDV WR LQYHVWLJDWH ZKHWKHU SV\FKRSDWK\ LV





work demonstrating impaired learning using performance feedback in this group 
HJ%XGKDQLHWDO0LWFKHOOHWDOYRQ%RUULHVHWDO
)XUWKHUPRUH WKLV JHQHUDO OHDUQLQJ GHȴFLW ZDV DFFRPSDQLHG E\ DEQRUPDO
QHXURSK\VLRORJLFDO SURFHVVLQJ LH UHGXFHG IHHGEDFNUHODWHG QHJDWLYLW\ GXULQJ
RI LQ SDUWLFXODU XQH[SHFWHG SXQLVKPHQW 7KLV REVHUYDWLRQ ZDV QRW VXSSRUWHG
3DJH_3DJH_ 'LVFXVVLRQ'LVFXVVLRQ
E\ D VWDWLVWLFDOO\ VLJQLȴFDQW LQWHUDFWLRQEHWZHHQ H[SHFWDQF\ YDOHQFH DQG JURXS
7KHUHIRUHWKHFXUUHQWGDWDGRQRWSURYLGHVWURQJHYLGHQFHLQIDYRURIRQHRIWKH
WZRK\SRWKHVHV,WUHPDLQVSRVVLEOHWKDWWKHJHQHUDOOHDUQLQJGHȴFLWGRHVQRWUHȵHFW
D VSHFLȴF SXQLVKPHQW SUHGLFWLRQ HUURUFRGLQJ GHȴFLW EXW UDWKHU D FRPELQDWLRQ
RI D JHQHUDO SXQLVKPHQW SURFHVVLQJ SUREOHPZLWK D JHQHUDO H[SHFWDQF\ FRGLQJ
SUREOHP
,Q OLQHZLWK WKH JHQHUDO H[SHFWDQF\FRGLQJSUREOHP WKH (53 UHVXOWV VKRZHG
GHFUHDVHG)51DPSOLWXGHVIRUWKHSV\FKRSDWK\JURXSLQUHVSRQVHWRERWKSRVLWLYH
DQGQHJDWLYHXQH[SHFWHGRXWFRPHV7KHVHȴQGLQJVFRPSOHPHQWDQHDUOLHUVWXG\
IURP RXU ODE VKRZLQJ GHȴFLWV LQ QHXURSK\VLRORJLFDO PHFKDQLVPV XQGHUO\LQJ
UHLQIRUFHPHQWOHDUQLQJ LPSDLUPHQWV LQ SV\FKRSDWK\ YRQ %RUULHV HW DO 
'XULQJ D SUREDELOLVWLF VWLPXOXVUHVSRQVH OHDUQLQJ WDVN OHDUQLQJ ZDV GHOD\HG LQ
WKHSV\FKRSDWKLFJURXS5HVSRQVH(51DPSOLWXGHVEXWQRW)51DPSOLWXGHVZHUH
GHFUHDVHGFRPSDUHGWRKHDOWK\FRQWUROVYRQ%RUULHVHWDOUHYHDOLQJLQWDFW





)51V DUH ODUJHVW ZKHQ WKH LPSDFW RI WKH QHJDWLYH RXWFRPH LVPD[LPDO DQG E\




the psychopathic individuals showed decreased amplitudes in particular (but not 
VHOHFWLYHO\ RQ WKHVH WULDOV 7KHVH ȴQGLQJVPD\ WKXV DW ȴUVW VHHP DW RGGV ZLWK
RXUHDUOLHUZRUN UHYHDOLQJ LQWDFW)51V LQSV\FKRSDWK\ YRQ%RUULHVHWDO
+RZHYHU XQOLNH WKH SUHVHQW SDUDGLJP WKH SUHYLRXV VWXG\ ZDV SUREDELOLVWLF LQ
QDWXUH&RQVHTXHQWO\QHJDWLYHRXWFRPHVGLGQRWUHTXLUHDEHKDYLRUDOFKDQJHRQ
HDFKXQH[SHFWHGRXWFRPH,WWKXVVHHPVWKDW)51DPSOLWXGHVDUHKLJKHULQKHDOWK\
controls than in psychopathic subjects only when the outcome is directly relevant 
IRUDEHKDYLRUDOFKDQJHRUXSGDWLQJRIVWLPXOXVRXWFRPHDVVRFLDWLRQV
Although these results suggest that psychopathy is associated with a general 
SUREOHP LQ SUHGLFWLRQ HUURU FRGLQJ WKHUH ZHUH DOVR LQGLFDWLRQV IRU JHQHUDO
SUREOHPV LQ SURFHVVLQJ RI SXQLVKPHQW WULDOV &RPSDUHG WR KHDOWK\ FRQWUROV
SV\FKRSDWKLF LQGLYLGXDOV KDG UHGXFHG )51V IRU IHDUIXO IDFHV EXW QRW IRU KDSS\
IDFHV LUUHVSHFWLYHRIZKHWKHU WKH\VLJQDOHGDEHKDYLRUDOVZLWFKRUQRW7KLV LV LQ
line with numerous studies showing reduced responsiveness to negative stimuli 







)LQDOO\ WKH FRUUHODWLRQ DQDO\VHV UHYHDOHG D UHODWLRQVKLS EHWZHHQ DPSOLWXGHV
RQXQH[SHFWHGIHDUIXORXWFRPHVDQGUHYHUVDOSHUIRUPDQFHRQVXEVHTXHQWWULDOV




 ZKLFK SURMHFWV WR DUHDV LQFOXGLQJ WKH VWULDWXP 'HFUHDVHG OHDUQLQJ DQG
GHFUHDVHG)51DPSOLWXGHVFRXOGUHȵHFWDSUREOHPDWWKHOHYHORIWKHDGMXVWPHQWV
RI WKH UHZDUGSUHGLFWLRQ VLJQDO UHVXOWLQJ LQ HUURQHRXV EHKDYLRUDO 7KH FXUUHQW
ȴQGLQJVWKXVȴWZLWKDSURSRVHGLPSDLUPHQWLQSURFHVVLQJRXWFRPHVOHDGLQJWRDQ
LQDELOLW\WRȵH[LEO\DGMXVWEHKDYLRUDFFRUGLQJWRHQYLURQPHQWDOGHPDQGV
)LQDOO\ WKLV LV WKHȴUVWVWXG\VKRZLQJ LPSDLUHG OHDUQLQJ IURPVRFLDORXWFRPH
FXHVLHHPRWLRQDOIDFHVDWERWKDEHKDYLRUDODQGDQHXURSK\VLRORJLFDOOHYHOLQ




SHUVLVWHQFH RI DQWLVRFLDO EHKDYLRU LQ SV\FKRSDWK\ %ODLU HW DO  VXJJHVWHG
in their ´revised violence inhibition model´ that individuals with psychopathy 
SUHVHQW ZLWK DQ DP\JGDOD G\VIXQFWLRQ OHDGLQJ WR LPSDLUHG HPRWLRQDO OHDUQLQJ
7KHVH OHDUQLQJPHFKDQLVPV DUH HVVHQWLDO LQ DFTXLULQJ VRFLDO EHKDYLRU OHDUQLQJ
3DJH_3DJH_ 5HIHUHQFHV'LVFXVVLRQ





replicated in larger samples with a wider range of psychopathy scores to assess 
WKHUHODWLRQVKLSZLWKVSHFLȴFDVSHFWVRISV\FKRSDWK\)XUWKHUPRUHIXWXUHVWXGLHV
should investigate whether the present results generalize to community samples 
ZLWK KLJK WUDLWV RI SV\FKRSDWK\ EXW QR FULPLQDO KLVWRU\ 6HFRQGO\ LQ DQ HDUOLHU
VWXG\ LQ D KHDOWK\ VWXGHQW VDPSOH XVLQJ D VLPLODU SDUDGLJP YRQ%RUULHV HW DO






HUURU FRGLQJ DQG DVVRFLDWHG EHKDYLRUDO DGMXVWPHQW LQ SV\FKRSDWK\ 7KHUH ZDV










IHDU FRQGLWLRQLQJ LQ SV\FKRSDWK\  $ IXQFWLRQDO PDJQHWLF UHVRQDQFH LPDJLQJ VWXG\
Archives of General Psychiatry, 62GRLDUFKSV\F
%ODLU.0RUWRQ-/HRQDUG$	%ODLU5,PSDLUHGGHFLVLRQPDNLQJRQWKHEDVLVRI
ERWKUHZDUGDQGSXQLVKPHQWLQIRUPDWLRQLQLQGLYLGXDOVZLWKSV\FKRSDWK\Personality 
and Individual Differences, 41
%ODLU5-5)DFLDOH[SUHVVLRQVWKHLUFRPPXQLFDWRU\IXQFWLRQVDQGQHXURFRJQLWLYH




of Abnormal Child Psychology, 29GRLD
%ODLU5-50LWFKHOO'*9	%ODLU.6The psychopath: Emotion and the brain: 
%ODFNZHOO3XEOLVKLQJ
%ODLU 5 - 50LWFKHOO'* 9 /HRQDUG$ %XGKDQL 6 3HVFKDUGW . 6	1HZPDQ&
 3DVVLYH DYRLGDQFH OHDUQLQJ LQ LQGLYLGXDOV ZLWK SV\FKRSDWK\ PRGXODWLRQ E\
UHZDUGEXWQRWE\SXQLVKPHQWPersonality and Individual Differences, 37
GRLMSDLG
%ODLU5-50LWFKHOO'*93HVFKDUGW.6&ROOHGJH(/HRQDUG5$6KLQH-+
3HUUHWW' , 5HGXFHGVHQVLWLYLW\WRRWKHUVȇ IHDUIXOH[SUHVVLRQV LQSV\FKRSDWKLF
LQGLYLGXDOVPersonality and Individual Differences, 37
%XGKDQL 6 	 %ODLU 5 - 5  5HVSRQVH UHYHUVDO DQG FKLOGUHQ ZLWK SV\FKRSDWKLF
WHQGHQFLHV VXFFHVV LV D IXQFWLRQ RI VDOLHQFH RI FRQWLQJHQF\ FKDQJHJournal of Child 
Psychology and Psychiatry, 46




The Journal of neuroscience, 27
&RROV5$OWDPLUDQR/	'ȇ(VSRVLWR0 5HYHUVDO OHDUQLQJ LQ3DUNLQVRQȇVGLVHDVH
GHSHQGVRQPHGLFDWLRQVWDWXVDQGRXWFRPHYDOHQFHNeuropsychologia, 44

&RROV 5 5RELQVRQ 2 - 	 6DKDNLDQ %  $FXWH WU\SWRSKDQ GHSOHWLRQ LQ KHDOWK\
YROXQWHHUV HQKDQFHV SXQLVKPHQW SUHGLFWLRQ EXW GRHV QRW DIIHFW UHZDUG SUHGLFWLRQ
Neuropsychopharmacology, 33
(NPDQ3	)ULHVHQ:3LFWXUHVRIIDFLDODIIHFWConsulting Psychologists, Palo 
Alto, CA
3DJH_3DJH_ 5HIHUHQFHV5HIHUHQFHV
)DONHQVWHLQ 0 +RKQVEHLQ - +RRUPDQQ - 	 %ODQNH /  (IIHFWV RI FURVVPRGDO
GLYLGHGDWWHQWLRQRQODWH(53FRPSRQHQWV,,(UURUSURFHVVLQJLQFKRLFHUHDFWLRQWDVNV






IURP D FRPPRQ PRQLWRULQJ V\VWHP IRU VHOIDQG H[WHUQDOO\ FDXVHG IDLOXUH RI JRDO
DFKLHYHPHQWNeuroimage, 47
+DUH5Psychopathy: theory and research1HZ<RUN1<:LOH\
+DUH5'The Psychopathy Checklist - Revised (PCL-R)7RURQWR2QWDULR0XOWL
+HDOWKV\VWHPV
+ROUR\G & % 	 &ROHV 0 * +  7KH QHXUDO EDVLV RI KXPDQ HUURU SURFHVVLQJ
5HLQIRUFHPHQW OHDUQLQJ GRSDPLQH DQG WKH HUURUUHODWHG QHJDWLYLW\ Psychological 
Review, 109GRL[
/XX37XFNHU'0'HUU\EHUU\'5HHG0	3RXOVHQ& (OHFWURSK\VLRORJLFDO
UHVSRQVHV WR HUURUV DQG IHHGEDFN LQ WKH SURFHVV RI DFWLRQ UHJXODWLRQPsychological 
Science, 14
/\NNHQ'7$VWXG\RIDQ[LHW\LQWKHVRFLRSDWKLFSHUVRQDOLW\The Journal of Abnormal 
and Social Psychology, 55
0DUVK $ $ 	 %ODLU 5  'HȴFLWV LQ IDFLDO DIIHFW UHFRJQLWLRQ DPRQJ DQWLVRFLDO
SRSXODWLRQVDPHWDDQDO\VLVNeuroscience & Biobehavioral Reviews, 32
0LWFKHOO ' * 9 &ROOHGJH ( /HRQDUG $ 	 %ODLU 5 - 5  5LVN\ GHFLVLRQV DQG
UHVSRQVHUHYHUVDOLVWKHUHHYLGHQFHRIRUELWRIURQWDOFRUWH[G\VIXQFWLRQLQSV\FKRSDWKLF
LQGLYLGXDOV"Neuropsychologia, 40GRLV
1HZPDQ - 3 	 .RVVRQ ' 6  3DVVLYHDYRLGDQFH OHDUQLQJ LQ SV\FKRSDWKLF DQG
QRQSV\FKRSDWKLF RIIHQGHUV Journal of Abnormal Psychology, 95  GRL
[
1HZPDQ-33DWWHUVRQ&0+RZODQG(:	1LFKROV6/3DVVLYHDYRLGDQFHLQ
SV\FKRSDWKVȂWKHHIIHFWVRIUHZDUGPersonality and Individual Differences, 11
GRLL
1HZPDQ-33DWWHUVRQ&0	.RVVRQ'65HVSRQVHSHUVHYHUDWLRQLQSV\FKRSDWKV
Journal of Abnormal Psychology, 96GRL[
1HZPDQ - 3 6FKPLWW:$	9RVV:'  7KH LPSDFWRIPRWLYDWLRQDOO\QHXWUDO
cues on psychopathic individuals: assessing the generality of the response modulation 
K\SRWKHVLVJournal of abnormal psychology, 106
3DWULFN&-Handbook of psychopathy*XLOIRUG3UHVV




5HGXFHGDIIHFWLYHSULPLQJLQSV\FKRSDWKLFLQGLYLGXDOVAnnals of the New York Academy 
of Sciences
6FKPDQG % $ %DNNHU ' 6DDQ 5 - 	 /RXPDQ -  'H 1HGHUODQGVH /HHVWHVW
YRRU9ROZDVVHQHQHHQPDDWYRRUKHWSUHPRUELGH LQWHOOLJHQWLHQLYHDXTijdschrift voor 
Gerontologie en Geriatrie
























7KH DLP RI WKH VWXGLHV SUHVHQWHG LQ WKLV WKHVLV LV WR DGYDQFH XQGHUVWDQGLQJ RI
cognitive and neural processes underlying psychopathy by investigating aspects of 
DIIHFWLYHRXWFRPHOHDUQLQJLQPDOHRIIHQGHUVZLWKSV\FKRSDWK\,QWXUQWKLVPD\
SURYLGHDQHXURVFLHQWLȴFEDVLVIRUFOLQLFDOLQWHUYHQWLRQVWKDWDUHDLPHGDWFKDQJLQJ
FKURQLF WUHDWPHQW UHVLVWDQW PDODGDSWLYH EHKDYLRU LQWR SURVRFLDO EHQHȴFLDO
EHKDYLRU
$OO FRPSOH[ HPRWLRQDO UHVSRQGLQJ LV DIIHFWHG E\ DFWLRQ WHQGHQFLHV VXFK DV
PRYLQJWRZDUGVSRVLWLYHDQGDYRLGLQJQHJDWLYHVWLPXOL&KHQ	%DUJK/DQJ
%UDGOH\	&XWKEHUW $V VKRZQ LQFigure 1.1. D VWLPXOXVPD\ LWVHOI HOLFLW
approach or avoidance tendencies by evoking a representation of the associated 
DIIHFWLYHRXWFRPH,IDQDSSHWLWLYHVWLPXOXVVXFKDVDKDSS\IDFHZKLFKHOLFLWV










tasks similar to the one used in this chapter that healthy people generally move 
DZD\IURPDQJU\IDFHVEXWDSSURDFKKDSS\IDFHV &KHQ	%DUJK/DQJHW
DO0DUVKHWDO5RHORIV0LQHOOL0DUVYDQ3HHU	7RQL9ROPDQ







levels of instrumental aggression might be due to abnormal action tendencies 
WRZDUGVVRFLDOVWLPXOL:HIRXQGDUHGXFHGWHQGHQF\WRDYRLGDQJU\IDFHVZKLFK
was negatively related to levels of instrumental aggression and positively related 
WRWKHDELOLW\WRH[SHULHQFHVHOIRULHQWHGSHUVRQDODQ[LHW\DQGGLVFRPIRUWLQWHQVH
VRFLDO VLWXDWLRQV 7KLV ODWWHU FDQEH VHHQDVD IRUPRIHPSDWK\ 7DNHQ WRJHWKHU
the results indicate that responding to social outcome stimuli in psychopathy is 
impaired at a basic level of automatic action tendencies and that this is related to 
VHULRXVVRFLDOHPRWLRQDOV\PSWRPVRISV\FKRSDWK\
&KDSWHU IRFXVHGRQ UHZDUGDQWLFLSDWLRQ LQSV\FKRSDWK\$VRXWOLQHG LQ WKH





psychopathic behavior is predominantly driven by a focus on rewarding or positive 
RXWFRPHV ZLWKRXW SD\LQJ HQRXJK DWWHQWLRQ WR QHJDWLYH FRQVHTXHQFHV /\NNHQ
 1HZPDQ 3DWWHUVRQ +RZODQG 	 1LFKROV  5HFHQWO\ WZR IXQFWLRQDO
05,VWXGLHVKDYHSURYLGHGHYLGHQFHIRUUHZDUGH[SHFWDWLRQK\SHUVHQVLWLYLW\DWD








ORZRQDQWLVRFLDO LPSXOVLYH WUDLWVKRZHYHU VKRZHG OHVV%2/'DFWLYLW\ FRPSDUHG
WR WKH IRUPHU WZR JURXSV $OWKRXJK WKLV FRQȴUPV HDUOLHU UHVXOWV %MRUN HW DO
%XFNKROW]HWDOLWDOVRVKRZVWKDWUHZDUGDQWLFLSDWLRQSHUVHFDQQRW
differentiate criminal psychopaths from noncriminal community members scoring 
KLJKRQDQWLVRFLDO LPSXOVLYH WUDLWV&ULWLFDOO\HDUOLHUȴQGLQJVZHUHDOVRH[WHQGHG
by assessing connectivity between the ventral striatum and frontal regions during 
UHZDUG DQWLFLSDWLRQ 'LIIHUHQWLDO WDVNGHSHQGHQW FRXSOLQJ EHWZHHQ WKH DQWHULRU
YHQWUDOVWULDWXPDQGGP3)&LQWKHSV\FKRSDWKLFLQGLYLGXDOVFRPSDUHGWRWKHKLJK
3DJH_3DJH_ 6XPPDU\6XPPDU\
VFRULQJ KHDOWK\ FRQWUROV DUH VKRZQ :KHUHDV DOO KLJK VFRULQJ KHDOWK\ FRQWUROV
VKRZDQHJDWLYHFRXSOLQJDOOSV\FKRSDWKLF LQGLYLGXDOVVKRZDSRVLWLYHFRXSOLQJ
2XUȴQGLQJVVXJJHVW WKDWSV\FKRSDWKVZLWKFOLQLFDOO\PDQLIHVWFULPLQDOEHKDYLRU






show that enhanced processing of reward in the ventral striatum generalizes 
IURPVXEFOLQLFDOWRFOLQLFDOSV\FKRSDWKLFVDPSOHV&ULWLFDOO\KRZHYHUGLIIHUHQFHV
EHWZHHQFULPLQDODQGQRQFULPLQDOSV\FKRSDWK\PD\UHȵHFWGLIIHUHQWLDOWUDQVIHURI
aberrant reward signalling in the ventral striatum to medial frontal regions of the 
EUDLQWKDWFRQWUROGHFLVLRQPDNLQJ
&KDSWHU  UHSRUWV DQ H[SHULPHQW LQ ZKLFK WULDODQGHUURU VWLPXOXVUHVSRQVH
OHDUQLQJZDVLQYHVWLJDWHGLQSV\FKRSDWK\(OHFWURSK\VLRORJLFDOPDUNHUVRILQWHUQDO
UHVSRQVH(51DQGH[WHUQDOHUURULQIRUPDWLRQIHHGEDFN(51DQGWKHLUUHODWLRQ
were tested according to a prominent reinforcement learning model (Holroyd 







WDVN EXW UHDFKHG VLPLODU SHUIRUPDQFH OHYHOV DV GLG KHDOWK\ FRQWUROV LQ WKH ODVW
SKDVHRIWKHWDVN7KLVZDVDFFRPSDQLHGE\QRUPDOIHHGEDFN(51DPSOLWXGHVEXW
UHGXFHGUHVSRQVH(51DPSOLWXGHV7KLVLQGLFDWHVWKDWVXEMHFWVZLWKSV\FKRSDWK\
GR FRUUHFWO\ GHWHFW XQH[SHFWHG QHJDWLYH RXWFRPHV EXW GR QRW LQWHUQDOL]H WKLV
IHHGEDFNDQGFRQVHTXHQWO\PDNH OHVVXVHRI LW 7DNHQ WRJHWKHU WKLV VKRZV WKDW
psychopathy is related to impaired formation and generalization of stimulus-
UHVSRQVH DVVRFLDWLRQVEDVHGRQ H[WHUQDO QHJDWLYH IHHGEDFN /HDUQLQJGRHV WDNH
SODFHEXWDWDVORZHUSDFHLHPRUHWULDOVDUHQHHGHG:HVXJJHVWWKDWWKLVLVGXH
to reduced internalisations of stimulus-response mappings and reduced usage of 
information needed to correctly adapt responses
&KDSWHU  LV D VWXG\ LQ KHDOWK\ FRQWUROV LQYHVWLJDWLQJ HIIHFWV RI YDOHQFH DQG
H[SHFWDQF\RQWKH)51LQDVWLPXOXVRXWFRPHOHDUQLQJWDVN7KLVWDVNLVGHVLJQHG
WR LQYHVWLJDWH HIIHFWV RI ERWK SRVLWLYH DQG QHJDWLYH SUHGLFWLRQ HUURUV 3UHYLRXV
VWXGLHVGLVHQWDQJOLQJYDOHQFHDQGH[SHFWDQF\HIIHFWV&KDVH6ZDLQVRQ'XUKDP
%HQKDP	&RROV GH%UXLMQ+XOVWLMQ 9HUNHV 5XLJW	 6DEEH 0DUV
GH%UXLMQ+XOVWLMQ0LOWQHU	&ROHV2OLYHLUD0F'RQDOG	*RRGPDQ
3IDELJDQ$OH[RSRXORV%DXHU	 6DLOHU  YDQGHU+HOGHQ%RNVHP	%ORP
FRQIRXQGHGQHJDWLYHRXWFRPHSURFHVVLQJZLWKWKHQHHGWRDGMXVWEHKDYLRU
2QO\ QHJDWLYH RXWFRPHV VLJQDOOHG D QHHG WR FKDQJH EHKDYLRU ,Q WKH SUHVHQW
SDUDGLJP ERWK SRVLWLYH DQG QHJDWLYH XQH[SHFWHG RXWFRPHV VLJQDOOHG WKH QHHG
WR DGMXVW UHVSRQGLQJ RQ VXEVHTXHQW WULDOV 3UHGLFWLRQ HUURUV ZHUH LQGH[HG E\
)51DPSOLWXGHV+ROUR\G	&ROHV5HVXOWVVKRZHGWKDWWKH)51LQKHDOWK\






In Chapter 6 the same task was employed in male offenders with high 
SV\FKRSDWK\ VFRUHV RQ WKH 3&/5 WR LQYHVWLJDWH VWLPXOXVRXWFRPH OHDUQLQJ DQG
HOHFWURSK\VLRORJLFDO PDUNHUV RI SUHGLFWLRQ HUURU FRGLQJ :H REVHUYHG WKDW WKH




Amplitudes on both positive as well as negative prediction error trials were 
GHFUHDVHGFRPSDUHGWRDPSOLWXGHVLQKHDOWK\FRQWUROV7KLVGHȴFLWLQSURFHVVLQJ
FUXFLDOWULDOVLVVXJJHVWHGWRUHVXOWLQWKHGHFUHDVHGRYHUDOOSHUIRUPDQFH+RZHYHU
a direct link between these outcomes and performance on subsequent trials could 
RQO\ EH VKRZQ IRU XQH[SHFWHG QHJDWLYH RXWFRPHV EXW QRW XQH[SHFWHG SRVLWLYH
RXWFRPHV7KLVVWXG\LVWKHȴUVWLQYHVWLJDWLRQRIOHDUQLQJLQSV\FKRSDWK\LQZKLFK
3DJH_3DJH_ &XUUHQWPRGHOVRISV\FKRSDWK\,QWHJUDWLRQRIPDLQȴQGLQJV






$OO RI WKH DERYH VWXGLHV VXJJHVW WKDW SV\FKRSDWK\ LV UHODWHG WR GHȴFLHQFLHV LQ







Several processes involved in adapting behavior based on reinforcers are part 




FRXOG OLH LQ LQDGHTXDWH DQWLFLSDWLRQ RI RXWFRPH RU DW WKH OHYHO RI FRPSDULVRQ
)LQDOO\HYHQLIWKHDGYLFHLVFRUUHFWLWVWLOOQHHGVWREHLPSOHPHQWHGLHXVHGWR
DGMXVWEHKDYLRU
We have shown that the anticipation of rewarding outcomes is accompanied 
by hyperactivity in the ventral striatum in individuals with high psychopathic traits 
ZLWKDQGZLWKRXW FULPLQDOKLVWRU\ &KDSWHU ,PSRUWDQWO\ FRQQHFWLYLW\ȴQGLQJV
suggest that clinical and criminal psychopathy is characterized by abnormal input 
RI WKLVK\SHUDFWLYLW\ WR UHJLRQV UHJXODWLQJ FRJQLWLYH FRQWURORIEHKDYLRU GP3)&
FRPSDUHG WRVXEMHFWVZLWKVLPLODU WUDLWVRISV\FKRSDWK\EXWQRFULPLQDOKLVWRU\
%HVLGHV DQWLFLSDWLRQ RI RXWFRPHV FRUUHFW SURFHVVLQJ RI H[WHUQDO IHHGEDFN LV
QHFHVVDU\ WR SHUIRUP ZHOO LQ RXWFRPH EDVHG OHDUQLQJ 3URFHVVLQJ RI H[WHUQDO
IHHGEDFN ZDV LQYHVWLJDWHG LQ WZR ZD\V &KDSWHU  IRFXVHG RQ KRZ H[WHUQDO
IHHGEDFNLVSURFHVVHGLQWHUQDOL]HGDQGXVHGLQWKHIXWXUHLQDVWLPXOXVUHVSRQVH
OHDUQLQJWDVNZKHUHUXOHVKDGWREHOHDUQLQJEDVHGRQWULDODQGHUURU7KHȴQGLQJV
show that individuals with psychopathy do show comparable electrophysiological 
VLJQDWXUHV RI H[WHUQDO IHHGEDFN SURFHVVLQJ )51 DPSOLWXGHV +RZHYHU VORZHG
SHUIRUPDQFH DQG UHGXFHG UHVSRQVH (51 DPSOLWXGHV LQGLFDWH WKDW WKH VLJQDO LV
QRW DGHTXDWHO\ XVHG DQG LQWHUQDOL]HG UHVXOWLQJ LQ VORZHG OHDUQLQJ &KDSWHU 
IRFXVHG RQ SUHGLFWLRQ HUURU FRGLQJ GXULQJ VWLPXOXVRXWFRPH OHDUQLQJ 5HVXOWV
VXJJHVW DQ RYHUDOO GHFUHDVHG SUHGLFWLRQ HUURU FRGLQJ DV )51 DPSOLWXGHV LQ WKH
psychopathic group were smaller to both positive and negative outcomes signaling 
DFKDQJHLQEHKDYLRU,WLVVXJJHVWHGWKDWWKLVOHDGVWRGHFUHDVHGSHUIRUPDQFHLQ
WKHSV\FKRSDWKLFJURXSFRPSDUHGWRWKHKHDOWK\FRQWUROV$GLUHFW OLQNEHWZHHQ
performance and prediction error coding could however only be demonstrated for 
WKHXQH[SHFWHGQHJDWLYHRXWFRPHV
,W LV LPSRUWDQW WR QRWH WKDW ZH XVHG WKH )51 WR LQGH[ GLIIHUHQW SURFHVVHV
GHSHQGLQJ RQ WKH H[SHULPHQWDO SDUDGLJP ,Q &KDSWHU  ZH LQYHVWLJDWHG
performance monitoring as the feedback in this paradigm provides information 
about whether a response is in accordance with the stimulus- response mapping 
LH WKH RXWFRPH VHUYHV DV UHLQIRUFHPHQW ,Q FRQWUDVW WKH SDUDGLJPV XVHG LQ
&KDSWHUDQGDUHVWLPXOXVRXWFRPHOHDUQLQJWDVNZKHUHWKHRXWFRPHGRHVQRW
GHSHQGRQWKHUHVSRQVHJLYHQDQGWKXVGRHVQRWUHȵHFWSHUIRUPDQFHIHHGEDFN
DV WKH RXWFRPHV GR QRW LQGXFH UHLQIRUFHPHQW EXW VLPSO\ D SDVVLYHO\ REWDLQHG
SUHGLFWDEOHRXWFRPH,QRUGHUWRNQRZZKHWKHURQHKDVJLYHQDFRUUHFWSUHGLFWLRQ
DERXW WKHRXWFRPH LHSHUIRUPDQFH IHHGEDFN VXEMHFWVKDYH WR FRPSDUH WKHLU
SUHGLFWHGRXWFRPHWRWKHDFWXDORQH,IWKH\PDWFKWKH\SHUIRUPHGZHOO
While former research concerned with adaptation of behavior in psychopathy 
KDVIRUHPRVWIRFXVHGRQGHPRQVWUDWLQJDEHKDYLRUDOGHȴFLWWKHSUHVHQWVWXGLHV
provide additional information about which processes related to reinforcement 
SURFHVVLQJDUHGHȴFLHQW LQPDOHRIIHQGHUVZLWKKLJK WUDLWVRISV\FKRSDWK\XVLQJ
EHKDYLRUDOQHXUDODQGHOHFWURSK\VLRORJLFDOPHDVXUHV
7.3. Current models of psychopathy
As reviewed in the introduction several neurocognitive models of psychopathy 
H[LVW $OO RI WKHP DUH YDOXDEOH ZRUNLQJ K\SRWKHVLV VWLPXODWLQJ QHXURFRJQLWLYH
UHVHDUFK LQ LQGLYLGXDOVZLWKSV\FKRSDWK\ +RZHYHU LW LVQRW HDV\ WRH[SODLQDOO
3DJH_3DJH_ $PRGHORIRXWFRPHOHDUQLQJLQSV\FKRSDWK\$PRGHORIRXWFRPHOHDUQLQJLQSV\FKRSDWK\
RI WKH SUHVHQW H[SHULPHQWV LQ WHUPV RI RQH RI WKHVHPRGHOV )RU H[DPSOH WKH
ORZ IHDU K\SRWKHVLV GRHV QRWPDNH H[SOLFLW SUHGLFWLRQV DERXW HIIHFWV RI UHZDUG
LQ SV\FKRSDWK\ 7KH UHVSRQVH PRGXODWLRQ K\SRWKHVLV PDNHV SUHGLFWLRQV HDUO\
DWWHQWLRQDOSURFHVVHV LH DWWHQWLRQDOȴOWHURUERWWOHQHFN 3URFHVVHV DVVHVVHG LQ
WKHSUHVHQWWKHVLVKRZHYHUGRQRWUHȵHFWVLPSOHDWWHQWLRQDOVWLPXOXVSURFHVVLQJ
EXWUDWKHUKLJKHUUHJXODWRU\SURFHVVHVVXFKDVDGMXVWLQJUHVSRQVHV$GGLWLRQDOO\
there was no attentional competition between stimuli in the paradigms used in 
WKHSUHVHQWWKHVLVLHDOOVWLPXOLWKDWKDGWREHUHVSRQGHGWRZHUHSUHVHQWHGDV
DVLQJOHREMHFW)LQDOO\WKH,(6PRGHODVVXPHVLPSDLUPHQWVLQVWLPXOXVRXWFRPH




,WPLJKW VHHPD ODUJH VWHSEXWXOWLPDWHO\DQG LGHDOO\ZHQHHGDPRGHO WKDW
H[SODLQVV\PSWRPVRISV\FKRSDWK\RQDFRJQLWLYHQHXUDODQGELRORJLFDO OHYHO$
ȴUVWVWHSLVWRLQWHJUDWHDWWHQWLRQDODQGHPRWLRQDODFFRXQWVLQWRRQHPRGHODVLW







7.4. A model of outcome learning in psychopathy
,QWKHIROORZLQJ,SURSRVHWRH[SODLQRXWFRPHSURFHVVLQJGLɝFXOWLHVLQSV\FKRSDWK\
LQWHUPVRIH[LVWLQJQHXURFRJQLWLYHUHLQIRUFHPHQWPRGHOV7KHVHPRGHOVDUHPRUH






DERXW QHXURFRJQLWLYH SURFHVVHV LQYROYHG LQ UHLQIRUFHPHQW SURFHVVLQJ ZH ZLOO






([LVWLQJPRGHOV RI UHLQIRUFHPHQW OHDUQLQJ DUHPXFKPRUH ȴQHJUDLQHGZLWK
respect to disentangling different sub-processes involved in adjusting behavior 
based on reinforcement information compared to how detailed these processes 
DUHGHVFULEHGLQWKH50DQG,(6PRGHO7KLVHQDEOHVXVWRVSHFLI\ZKLFKRIWKHVH
aspects is compromised in psychopathy and leads to decreased performance on 
UHLQIRUFHPHQWOHDUQLQJWDVNV
$FFRUGLQJWRWKHUHLQIRUFHPHQWOHDUQLQJPRGHOE\+ROUR\GDQG&ROHVD
typical trial in a reinforcement learning paradigm starts with the presentation of a 
VWLPXOXVZKLFKLVSURFHVVHGLQWKHVHQVRU\FRUWLFHV7KHVWLPXOXVDFWLYDWHVVHYHUDO





learning signal is conveyed by the mesencephalic dopamine system in the form of a 
WHPSRUDOGLIIHUHQFHHUURU7KLVVLJQDORULJLQDWHVLQWKHEDVDOJDQJOLDZKLFKDVVHVVHV
WKHFKDQJHLQYDOXHRIRQJRLQJHYHQWV9LRODWLRQVRIRXWFRPHSUHGLFWLRQVFDXVH
a phasic dopaminergic signal which is used by the motor controller to optimize 
EHKDYLRUDQGXVHGE\WKHFULWLF LWVHOIWRRSWLPL]HSUHGLFWLRQV,W LVSURSRVHGWKDW








stimulus-response or stimulus-outcome mapping has not yet been internalized the 







SDUWLFXODU VWDWHV LQ WKHHQYLURQPHQW VXFKDV WDVN FRQWH[W 7KH FULWLF WKXV OHDUQV
DQGVWRUHVVWDWHYDOXHV 7KHDFWRUȇV WDVN LV WRFKRRVHDFWLRQV WRPRYHDQDJHQW
WKURXJKGLIIHUHQWVWDWHVLQWKHZRUOGE\XVLQJSROLFLHVHJVWDWHDFWLRQPDSSLQJV
(YHU\WLPHWKHDFWRUHQJDJHVDPRWRUUHVSRQVHWKHQHZVWDWHLVHYDOXDWHGE\WKH










correctly predict outcomes which subsequently results in maladaptive behavioral 
choices made by the actor as the signal is incorrect with respect to updating state-
DFWLRQ DVVRFLDWLRQV:HKDYHGHPRQVWUDWHG DEQRUPDO SUHGLFWLRQ HUURU VLJQDOLQJ
&KDSWHUUHȵHFWHGLQGHFUHDVHG)51VGXULQJXQH[SHFWHGRXWFRPHV)XUWKHUPRUH
we have demonstrated that this is directly related to performance levels at least for 
QHJDWLYHSUHGLFWLRQHUURUFRGLQJ&KDSWHU,QOLQHZLWKWKLVZHKDYHVKRZQWKDW











which originates in the supplementary motor area and by the oculomotor circuit 
RULJLQDWLQJ LQ WKH IURQWDOH\HȴHOGV 7KHRWKHU WKUHH ORRSV WKHGRUVRODWHUDO3)&
ORRSWKHODWHUDO2)&ORRSDQGWKHDQWHULRUFLQJXODWHORRSDUHLQYROYHGLQH[HFXWLYH
IXQFWLRQVVRFLDOEHKDYLRUDQGPRWLYDWLRQDOVWDWHV$OOȴYHRULJLQDWHLQSDUWVRIWKH
SUHIURQWDO FRUWH[ IURPZKHUH WKH\ SURMHFW WR SDUWV RI WKH VWULDWXP IXUWKHU RQ
WRWKHJOREXVSDOOLGXVDQGVXEVWDQWLDQLJUDDQGȴQDOO\FRQQHFWWRWKHWKDODPXV
(DFK FLUFXLW DOVR ORRSV EDFN WR IURQWDO DUHDV WKHUHE\ FORVLQJ WKH ORRS %HVLGHV
WKHVH FORVHG ORRSV WKHUH DUH RSHQ FRQQHFWLRQV IURP IXQFWLRQDOO\ UHODWHG DUHDV
WRLQWHJUDWHLQIRUPDWLRQIURPWKHVHDUHDV7KHVHDUHRUJDQL]HGLQSDUDOOHOFLUFXLWV
and are largely segregated from each other both structurally and functionally 
$OH[DQGHU	&UXWFKHU+DEHU
:HSURSRVHWKDW WKHFRJQLWLYHGHȴFLWV LQSV\FKRSDWK\FRXOGEH LQWHJUDWHGE\
YLHZLQJWKHPZLWKLQWKHVHLQWHUFRQQHFWHGIURQWRVWULDWDOORRSV7KHH[DFWUROHRI
WKH LQGLYLGXDO ORRSV LVQRW\HWFOHDUDQGWDNHQ LWVFRPSOH[ LQWHUFRQQHFWLRQV LQWR
DFFRXQWPLJKWQHYHUEHHQWLUHO\XQGHUVWRRG+RZHYHUWKUHHRIWKHORRSVSURMHFWWR
areas implicated in psychopathy by imaging studies and by studies demonstrating 
GHȴFLWV LQ WKH IXQFWLRQVDVVRFLDWHGZLWK WKHVHDUHDV*HQHUDOO\ WKHGRUVRODWHUDO
SUHIURQWDOORRSLVDVVRFLDWHGZLWKH[HFXWLYHIXQFWLRQVSODQQLQJDQGZRUNLQJPHPRU\













VLJQDOV $VPHQWLRQHG EHIRUH WKH DQWHULRU FLQJXODWH IRU H[DPSOH LV LQYROYHG LQ
PRQLWRULQJDQGHYDOXDWLQJRXWFRPHVRIDFWLRQV%RWYLQLFN&RKHQ	&DUWHU
)LQDOO\WKHVWULDWXPLVLQYROYHGLQSURFHVVLQJUHZDUGDQGSXQLVKPHQWLQIRUPDWLRQ








WR DPRUHȴQHJUDLQHGXQGHUVWDQGLQJRIZKLFKDVSHFWRI D FRPSOH[ FDVFDGHRI
SURFHVVHVLQYROYHGLQDVVRFLDWLYHOHDUQLQJLVFRPSURPLVHGLQSV\FKRSDWK\
%HVLGHVSXWWLQJWKHSUHVHQWGDWD LQDFRKHUHQWH[SODQDWLRQWKHDERYHVKRXOG
GHPRQVWUDWH WKDW H[LVWLQJ PRGHOV RI SV\FKRSDWK\ SURYLGH D JRRG ZRUNLQJ
K\SRWKHVLV IRU IXUWKHU LQYHVWLJDWLRQ RI WKH FDXVHV RI SV\FKRSDWK\ +RZHYHU
knowledge about neurocognitive processes in the healthy brain should be 
LQWHJUDWHGPRUH $GGLWLRQDOO\ LQVWHDG RI YLHZLQJ H[LVWLQJPRGHOV DV FRPSHWLQJ
H[SODQDWLRQVRISV\FKRSDWK\WKH\VKRXOGEHYLHZHGDVH[SODLQLQJVSHFLȴFIDFHWVRI
SV\FKRSDWK\8OWLPDWHO\WKHJRDOVKRXOGEHWRLQWHJUDWHWKHVHYLHZVDFFRUGLQJWR









EHKDYLRU DQG WR OHDUQ QHZ DQG PRUH DFFHSWDEOH EHKDYLRU WKDW LV EHQHȴFLDO LQ
WKH ORQJ WHUPIRUERWK WKHSDWLHQWDQG WKHVRFLHW\VXFKDVUHGXFLQJUHFLGLYLVP
7KHLUKLVWRU\RIFULPLQDOEHKDYLRUKDVRIWHQEHHQEHQHȴFLDOLQWKHVKRUWWHUPHJ
REWDLQLQJPRQH\GUXJVDQGRWKHU UHZDUGVEXWKDV OHG WR LPSULVRQPHQW LQ WKH








if one should aim at reducing all symptoms equally or instead focus on reducing 
WKRVHV\PSWRPVZKLFKFDXVHKDUPHJWKHDQWLVRFLDOEHKDYLRU$QRWKHURSWLRQ
ZRXOG EH DLP DW WKH XQGHUO\LQJ QHXURFRJQLWLYH DQG ELRORJLFDO GHȴFLWV GLUHFWO\
LQVWHDG RI RYHUW EHKDYLRU $QRWKHU SUREOHP LV KRZ WUHDWPHQW VXFFHVV VKRXOG
EHSUHGLFWHG&RXOGQHXURELRORJLFDOPDUNHUVEHXVHIXO LQWKLVUHJDUG"5DWLQJVRI
WKHUDSLVWGRQRWȴWZLWKSRVWWUHDWPHQWUHFLGLYLVP%HQJWVRQ	/DQJVWURP
and even more structured and modern approaches of assessing recidivism risk 
VHHPWRKDYHUHDFKHGDFHLOLQJ&RLGHWDO)D]HO6LQJK	)D]HO
+RZHYHU SURJUDPV DUH RIWHQ HYDOXDWHG LQ WHUPV RI WKHUDSLVWVȇ LPSUHVVLRQV RI
FOLQLFDOSURJUHVVRUWKHLUSUHGLFWLRQVRQFULPLQDOUHFLGLYLVP$OVRPDQ\FOLQLFLDQV
doubt whether change during an intervention will be maintained beyond the 
WKHUDSHXWLFFRQWH[W
7KH5LVN1HHG5HVSRQVLYLW\ DSSURDFK WR IRUHQVLF WUHDWPHQW FRQVLVWV RI WKUHH
VLPSOH SULQFLSOHV 7KRVH SDWLHQWV ZLWK KLJKHU ULVN IRU UHFLGLYLVP VKRXOG UHFHLYH
PRUH LQWHQVLYH WUHDWPHQW WKH QHHG SULQFLSOH GHȴQHV ZKDW VKRXOG EH WUHDWHG
FULPLQRJHQLFQHHGVDQGWKHUHVSRQVLYLW\SULQFLSOHLQIRUPVKRZLWVKRXOGEHWUHDWHG
,QFXUUHQWWKHUDSHXWLFSUDFWLFHIDFWRURISV\FKRSDWK\LVVHHQDVDUHVSRQVLYLW\
IDFWRUZKLOH IDFWRUGHȴQHVFULPLQRJHQLF LVVXHV 2OYHU	:RQJ$VVXFK
WKLVDSSURDFKFRQFXUVZLWKIRFXVVLQJRQIDFWRU LQWHUPVRI WUHDWPHQWFRQWHQW





























0HOR\ 	 6KLYD  $OO RI WKHVH DUH QRW WKH FKDUDFWHULVWLFV DVVRFLDWHG ZLWK
HIIHFWLYHWKHUDSHXWLFUHODWLRQVKLSV
,Q VXP WKXV IDU WKHUH LV VRPH FRQVHQVXV WKDW LQWHUYHQWLRQV VKRXOG DLP
SULPDULO\DWFKDQJLQJEHKDYLRUDOSDWWHUQVDVVRFLDWHGZLWKIDFWRU6RPHPLJKWVD\
that focussing on factor 2 is not a treatment of psychopathy as the factor closely 
UHVHPEOHVEHKDYLRUDVVRFLDWHGZLWKWKHDQWLVRFLDOSHUVRQDOLW\GLVRUGHU+RZHYHU
IDFWRULVSDUWRISV\FKRSDWK\DVPHDVXUHVZLWKWKH3&/5DQGDVVXFKFRXOGEH
VHHQ DV WUHDWLQJ DQ HOHPHQW RI SV\FKRSDWK\ZLWK WKH HIIHFW RI ORZHULQJ RYHUDOO
VFRUHV RQ WKH3&/5 ,QWHUYHQWLRQV VKRXOGQRW EHKHDYLO\ UHOLDQW RQ WKHUDSHXWLF
UHODWLRQV DQG VKRXOG SD\ VSHFLDO DWWHQWLRQ WR IDFWRU  WUDLWV )LQDOO\ WUHDWPHQW
VKRXOGEHRULHQWHGRQWKHUHVSRQVLYLW\SULQFLSOHKRZVKRXOGLWEHWUHDWHG7KLV
aspect will be discussed below and will focus on behavioral interventions and 
LQWHUYHQWLRQVDLPHGDWFKDQJLQJQHXUDOPHFKDQLVPV
7KRURXJKGLDJQRVWLFVVKRXOGSUHFHGHDWUHDWPHQWSODQZLWKWKHJRDORIREWDLQLQJ
not only a description of problem behavior but also an idea of what the underlying 
PHFKDQLVPVDUHZKLFKOHDGWRWKHSUREOHPEHKDYLRU5HPHPEHULQFKDSWHUZH






Results of chapter 2 showed that psychopaths lack the automatic avoidance of 
VRFLDOWKUHDWVLWXDWLRQDQGWKDWWKLVLVUHODWHGWRLQVWUXPHQWDODJJUHVVLRQ$VPRVW










preliminary results were presented which showed that these trainings result in 
FKDQJHV LQ PHVROLPELF FXHUHDFWLYLW\ GHPRQVWUDWLQJ WKDW FKDQJHV DUH UHȵHFWHG
on a neural level (presentation by Wiers at the 12th world congress on biological 
SV\FKLDWU\*UHHFH6LPLODUHIIHFWVKDYHEHHQVKRZQZLWKUHVSHFWWRUDFLDODWWLWXGH





LQGLYLGXDOVZKRQRUPDOO\ VKRZ VWURQJHU DYRLGDQFH RI DQJU\ IDFHV LH RSSRVLWH
SDWWHUQVRISV\FKRSDWKLFLQGLYLGXDOV7UDLQLQJFRPSDWLEOHPRYHPHQWVDSSURDFK
KDSS\DQGDYRLGDQJU\GLGFKDQJHDSSURDFKDYRLGDQFHWHQGHQFLHVDQGDIIHFWHG
ERWKPRRGDQGDQ[LHW\ ,QKHDOWK\VXEMHFWV WUDLQLQJZLWK IDFLDOH[SUHVVLRQVDOVR
JHQHUDOL]HGWRRWKHUWDVNVDIIHFWLYHSULPLQJWDVN:RXG%HFNHU	5LQFN
+RZHYHURWKHUUHSRUWVDUHFDXWLRXVDERXWWKHFDXVDOUROHRIFKDQJLQJDSSURDFK
DYRLGDQFH ELDVHV LQ WKH REVHUYHG RXWFRPHPHDVXUHV (YHQPRUH VRPH IRXQG
harmful effects of inducing avoidance orientations towards alcohol in clinical 
VDPSOHV6SUX\WHWDO
We suggest that simple behavioral trainings could potentially change fundamental 
GLIIHUHQFHVLQKRZLQGLYLGXDOVZLWKSV\FKRSDWK\UHDFWWRVRFLDOFXHV7KLVDSSURDFK
might not only be applicable to decrease instrumental forms of aggression but 
DOVR RWKHU IRUPV RI SUREOHPDWLF EHKDYLRU )RU H[DPSOH D JUHDW SURSRUWLRQ RI




one should be aware that there is no evidence so far of the effectiveness of these 
WUDLQLQJVLQIRUHQVLFSDWLHQWJURXSVRUYLROHQWSHRSOH)XUWKHUPRUHHYHQWKRXJK
our study suggests that these relatively automatic action tendencies are related to 
DJJUHVVLRQWKLVLVEDVHGRQVHOIUHSRUWRIDJJUHVVLYHEHKDYLRU/RQJLWXGLQDOVWXGLHV
VKRXOGH[SORUHWKHUHODWLRQVKLSZLWKREVHUYHGRUDFWXDODJJUHVVLRQ,QDGGLWLRQLWLV
not clear what the relation between social action tendencies and reactive aggression 
LV7DNHQWRJHWKHUDSSURDFKDYRLGDQFHWUDLQLQJVPLJKWSRWHQWLDOO\EHHIIHFWLYHLQ
UHGXFLQJ LQVWUXPHQWDODJJUHVVLRQEXW IXUWKHU LQYHVWLJDWLRQVDUHQHHGHG)XUWKHU
understanding of the relation between forms of aggression and action tendencies 
DVZHOODVHYLGHQFHIRUWKHHIIHFWLYHQHVVRIEHKDYLRUDOWUDLQLQJVDUHQHHGHG)LQDOO\
LW LV QRW FOHDU \HWZKHWKHU DSSURDFK DYRLGDQFH WHQGHQFLHV UHȵHFW WKH QHHG LH
G\QDPLF ULVN IDFWRU RU WKH UHVSRQVLYLW\ DVSHFW LH ULJKW WUHDWPHQW DW WKH ULJKW
OHYHORIWKH515PRGHO
)LUVW DWWHPSWV KDYH EHHQ PDGH WR DGMXVW H[LVWLQJ DJJUHVVLRQ LQWHUYHQWLRQV
E\ LQFOXGLQJ RSWLRQDO PRGXOHV DLPLQJ DW UHGXFWLRQ RI LQVWUXPHQWDO DJJUHVVLRQ
$JJUHVVLRQ5HSODFHPHQWWUDLQLQJZDVRULJLQDOO\GHVFULEHGE\*ROGVWHLQ*ROGVWHLQ
*OLFN 	 *LEEV  DV D WUDLQLQJ IRU DJJUHVVLYH DGROHVFHQWV %\ QRZ WKH
intervention has been adjusted for adult forensic populations and been evaluated 
LQWKH1HWKHUODQGV%DVHGRQWKHVHUHVXOWVLWLVVXJJHVWHGWKDWLWLVPRVWVXLWDEOH
for patients with high levels of reactive aggression and low scores on factor 1 of 
WKH3&/57REHHIIHFWLYHIRULQVWUXPHQWDODJJUHVVLRQDQGSDWLHQWVZLWKKLJKVFRUHV
RQIDFWRUDQDGMXVWPHQWRIWKHPRGXOH ȆVRFLDOVNLOOVȇ LVSURSRVHGDVZHOODVDQ
DGGLWLRQDO PRGXOH FDOOHG Ȇ&KDUDFWHUIRUPLQJȇ 7KH ODWWHU LV DLPHG DW FRQIURQWLQJ
SDWLHQWVZLWKWKHORQJWHUPFRQVHTXHQFHVRIWKHLUEHKDYLRUERWKIRUWKHPVHOYHV
DV IRUSRWHQWLDO YLFWLPV 7KH VRFLDO VNLOOVPRGXOH LQ LWVRULJLQDO IRUP LV DLPHGDW
reducing both approaching and avoiding behavior where avoidance behavior 
LQFOXGHV JLYLQJ FULWLFLVP GHQ\LQJ VRPHWKLQJ HWF DQG DSSURDFKLQJ EHKDYLRU
LQFOXGHVJLYLQJFRPSOLPHQWVDQGRIIHULQJKHOS$GMXVWPHQWV IRUSDWLHQWVVFRULQJ
high on factor 1 and instrumental aggression should result in a focus on avoidance 
EHKDYLRULQVWHDGRIDSSURDFKLQJEHKDYLRU
5HVXOWV IURP &KDSWHU   DQG  VXJJHVW WKDW LQGLYLGXDOV ZLWK SV\FKRSDWK\
KDYH GLɝFXOWLHV ZLWK DQWLFLSDWLQJ RXWFRPHV DQG ZLWK LQWHUQDOL]LQJ XVLQJ DQG










this by listing all possible options with all their pros and cons and teaching them 
KRZWRZHLJKDQGGHFLGHXSRQWKHPVKRXOGVWDUWLQKLJKO\FRQWUROOHGVLWXDWLRQV
Similar principles should then be applied to less controlled and ecologically more 
YDOLG VLWXDWLRQV &RJQLWLYH SUDFWLFH FRXOG EH FRPELQHGZLWK SUDFWLFDO WUDLQLQJ LQ
GUDPDWKHUDS\$QLGHDZRXOGEHWRSURYLGHWUDLQLQJVHVVLRQVLQYLUWXDOUHDOLW\ZLWK
3DJH_3DJH_ &OLQLFDOLPSOLFDWLRQV&OLQLFDOLPSOLFDWLRQV
WKHDGYDQWDJHRI HYHQKLJKHU FRQWURO RI WKH FRQWH[W$GGLWLRQDOO\ D WKHUDSHXWLF
DOOLDQFHZRXOGQRWEHQHFHVVDU\IRUWKLVIRUPRIWUDLQLQJ7UDLQLQJVHVVLRQVFRXOG




DERXW DVVRFLDWHG ULVNV DQG EHQHȴWV 1RW RQO\ FRXOG RQH PRQLWRU EHKDYLRUDOO\
KRZ DQG ZKLFK LQIRUPDWLRQ VRPHRQH XVHV WR FRPH WR D GHFLVLRQ LW ZRXOG EH
easy to combine behavioral monitoring with eyetracking and with autonomic or 






RI EHKDYLRUDO FKRLFHV DQG LWV FRQVHTXHQFHV VKRXOG EH H[WHQVLYHO\ WUDLQHG 7KLV
ZRXOG FRQFXU ZLWK RXU ȴQGLQJ WKDW SDWLHQWV ZLWK SV\FKRSDWK\ WDNH PRUH WLPH
WR LQWHUQDOL]H DQG JHQHUDOL]H UXOHV $OVR VWXGLHV KDYH VKRZQ WKDW SV\FKRSDWKLF




well be that this approach makes the psychopathic patient even more controlled 
DQGLQVWUXPHQWDOLHZKDWLVLQLWIRUPH"DQGVSHFLDODWWHQWLRQVKRXOGEHSDLGWR
WKLVSRVVLELOLW\ZKHQLPSOHPHQWLQJDQGHYDOXDWLQJWKHDERYHVXJJHVWHGPHWKRG
Neural and pharmacological approaches
%HVLGHVVXJJHVWLRQVIRUDGMXVWLQJFRJQLWLYHEHKDYLRUDOLQWHUYHQWLRQVWKHSUHVHQWHG
studies also give some clues about interventions at a neural level which might 
OHDGWR LPSURYHPHQWVRI WKHGHȴFLWV WKDWZHGHPRQVWUDWHG7KHVH LQWHUYHQWLRQV
either aim at increasing/decreasing activity in certain brain areas related to 
UHLQIRUFHPHQW SURFHVVLQJ DW FRQWUROOLQJ DFWLYLW\ LQ FHUWDLQ EUDLQ DUHDV RU DW
LQȵXHQFLQJQHXURWUDQVPLWWHUSURFHVVHV
$ ȴUVW RSWLRQ IRU WUHDWPHQW DW D QHXUDO OHYHO FRXOG EH QHXURIHHGEDFNZKLFK
XVHVUHDOWLPHGLVSOD\VRIQHXUDODFWLYLW\WRWHDFKVHOIUHJXODWLRQRIWKHVHVLJQDOV









targeted in this study include those involved in approach avoidance behavior such 
as the amygdala and prefrontal regions including the orbitofrontal areas (Roelofs 
HWDO9ROPDQHWDOEXWDOVRDUHDVLQYROYHGLQDQWLFLSDWLRQRIUHZDUGV
DQGUXOHGULYHQDGMXVWPHQWVVXFKDVWKHVWULDWXPDQGRUELWRIURQWDODUHDV
7UDQVFUDQLDO PDJQHWLF VWLPXODWLRQ 706 RI WKRVH EUDLQ DUHDV LQYROYHG LQ
approach avoidance tendencies and prediction error processing could also result 
LQ LQFUHDVHG HɝFLHQF\ 9ROPDQ DQG FROOHDJXHV  KDYH GHPRQVWUDWHG WKDW
LQKLELWLRQRIIURQWDODUHDVDFWXDOO\GHFUHDVHVFRQWURORYHUWKHVHDFWLRQWHQGHQFLHV






IURQWRVWULDWDO QHWZRUNV )LJHH HW DO :HKDYH VKRZQ WKDW WKRVH SDUWV RI
the fronto-striatal network involved in the anticipation of reward are differentially 
DFWLYDWHGLQSV\FKRSDWKLFSDWLHQWV5HDOLVWLFDOO\WKLVWHFKQLTXHLVYHU\LQYDVLYHDQG





EHHQVKRZQWKDWR[\WRFLQ LQFUHDVHVDSSURDFKRIDQJU\ IDFHV LQKHDOWK\VXEMHFWV
3DJH_3DJH_ &OLQLFDOLPSOLFDWLRQV&OLQLFDOLPSOLFDWLRQV
5DGNH 5RHORIV 	 'H %UXLMQ  7KH ODWWHU LV LQ OLQH ZLWK RWKHU UHSRUWV RI
R[\WRFLQVKRZLQJERWKSURVRFLDODQGSURVHOIHIIHFWV'HFOHUFN%RRQH	.L\RQDUL
DQGWKHUHE\SRLQWWRDPRUHFRPSOH[HIIHFWRIR[\WRFLQEHVLGHVIDFLOLWDWLRQ
RI SURVRFLDO EHKDYLRU 'RSDPLQHUJLF DQG VHURWRQHUJLF DJHQWV KDYH EHHQ VKRZQ
WR LQȵXHQFHUHZDUGUHVSHFWLYHO\SXQLVKPHQW OHDUQLQJDQGWKHEDODQFHEHWZHHQ
WKH WZR &RROV HW DO  &RROV 1DNDPXUD 	 'DZ  &URFNHWW &ODUN 	
5REELQV'DZ.DNDGH	'D\DQ6DQWHVVRHWDO$OWKRXJKWKHUH
DUH QXPHURXV VWXGLHV RQ GRSDPLQHUJLF HIIHFWV RQ FRJQLWLRQ WKHVH VWXGLHV DOVR
GHPRQVWUDWHKRZFRPSOLFDWHGWKLVV\VWHPLV$UHFHQWUHYLHZ&RROV	'ȇ(VSRVLWR
 KLJKOLJKWV KRZ FRPSOLFDWHG LW LV WR RSWLPL]H GRSDPLQHUJLF IXQFWLRQLQJ
Not only does one have to take into account baseline levels of neurotransmitter 
IXQFWLRQLQJEXWDOVRLWVRSSRVLQJHIIHFWVRQGLIIHUHQWEUDLQDUHDVDQGIXQFWLRQV
Surprisingly few studies have investigated effects of pharmacological agents on the 
(51RU)516RPHVWXGLHVKDYHVKRZQUHGXFWLRQVRIWKH(51DIWHUDGPLQLVWUDWLRQ




*$%$HUJLF LQQHUYDWLRQRI WKH$&& GH%UXLMQHWDO  6WXGLHVRQ WKHHIIHFW
RI KDORSHULGRO GRSDPLQH DQWDJRQLVW GHPRQVWUDWHG WKDW (51 DPSOLWXGHV ZHUH
UHGXFHGDIWHUDGPLQLVWUDWLRQGH%UXLMQHWDO=LUQKHOGHWDO$OWKRXJK
QRWDSKDUPDFRORJLFDODJHQW LQDFODVVLFDOVHQVH LWKDVEHHQVKRZQWKDWDOFRKRO
FRQVXPSWLRQ UHGXFHV (51 DPSOLWXGHV 5LGGHULQNKRI HW DO ZKLOH FDIIHLQH
HQODUJHV(51DPSOLWXGHV7LHJHV5LFKDUG5LGGHULQNKRI6QHO	.RN7DNHQ
WRJHWKHU WKHUH DUH VWURQJ LQGLFDWLRQV WKDW GLUHFW RU LQGLUHFW SKDUPDFRORJLFDO
PDQLSXODWLRQRIGRSDPLQHUJLFDFWLYLW\GRHVLQȵXHQFHSUHGLFWLRQHUURUFRGLQJDQG
WKHEDODQFHEHWZHHQUHZDUGDQGSXQLVKPHQWVHQVLWLYLW\7KHVHQHXURWUDQVPLWWHU
systems could thus be potential targets to improve aspects of reinforcement 
SURFHVVLQJ
Consideration of the above mentioned options to increase brain activity or 
cognitive functions related to reinforcement processing should be taken with some 
FDXWLRQ ([SHULPHQWDO HYLGHQFH FRPHV IURPKLJKO\ FRQWUROOHG VLWXDWLRQDQG LW LV
TXHVWLRQDEOH LQKRZ IDUHIIHFWVZLOOEH IRXQGZKHQPHDVXUHG LQGDLO\EHKDYLRU
$OVRGXUDWLRQRIWKHHIIHFWVDQGSRVVLEOHVLGHHIIHFWVVKRXOGEHFRQVLGHUHG7KH
UHDGHUVKRXOGUHDOL]HWKDWWKHVHWHFKQLTXHVDUHSURPLVLQJEXWDUHIDUIURPFOLQLFDO
LPSOHPHQWDWLRQV 5HVXOWV RI WKH DERYH PHQWLRQHG QHXUDO RU SKDUPDFRORJLFDO
LQWHUYHQWLRQVKDYH WREHUHSOLFDWHG LQSDWLHQWVZLWKSV\FKRSDWK\$GGLWLRQDOO\D
link to behavior relevant for treatment success has to be established and long term 
HIIHFWVQHHGWREHSURYHQ$OOLQDOOWKHUHLVDQHHGIRUPRUHVWXGLHVLQYHVWLJDWLQJ
WKHVHSRVVLELOLWLHVEHIRUHWKH\FRXOGSRWHQWLDOO\LQIRUPFOLQLFDOLQWHUYHQWLRQV
The context of an intervention





D UHVWULFWHG DUHD ȴ[HG UXOHV IDPLOLDU VWDIIPHPEHUV DQG FRSDWLHQWVPDNH LW D
PRUHSUHGLFWDEOHHQYLURQPHQWWKHQOLIHRXWVLGHWKHVHIDFLOLWLHV6SHFLDODWWHQWLRQ
should be paid to gradually decrease predictability and control in order to assess 
WUHDWPHQWFKDQJHDQGKRZWKLVDIIHFWVWKHEHKDYLRURIDSDWLHQW*UDGXDOGHFUHDVH



















EHPRVWHIIHFWLYH ,QJHQHUDO FOLQLFLDQVREVHUYH WKDWZKDWSV\FKRSDWKLFSDWLHQWV
SHUFHLYHDV UHZDUG LVGLIIHUHQW IURPRXUGHȴQLWLRQRIZKDWZH WKLQN WKH\PLJKW












reinforcement properties of the drug and enhancing positive reinforcement 
SURSHUWLHVRI VWD\LQJFOHDQ7KHXQGHUO\LQJ WKRXJKW LVTXLHW VLPSOH UHDUUDQJHD
SHUVRQȇVOLIHLQVXFKDZD\WKDWDEVWLQHQFHLVPRUHUHZDUGLQJWKDQWDNLQJGUXJV
6LPLODUO\SDUWRI WKH LGHDGHVFULEHGDERYH LV WRGLVDUPUHZDUGLQJSURSHUWLHVRI
psychopathic behavior while increasing rewarding properties of social and adapted 
EHKDYLRU
7DNHQWRJHWKHUWKHSUHVHQWHPSLULFDOUHVXOWVJHQHUDWHGVRPHLGHDVRQWUDLQLQJ
SV\FKRSDWKLF SDWLHQWV LQ SURVRFLDO EHKDYLRU 6LPSOH EHKDYLRUDO DSSURDFK
avoidance training sessions could potentially change highly internalized and 
DXWRPDWLF EHKDYLRUDO WHQGHQFLHV WRZDUGV VRFLDO VWLPXOL )XUWKHUPRUH H[SOLFLW
cognitive-behavioral training should be implemented in which psychopaths learn 





VLWXDWLRQV LQ RUGHU WR SURPRWH LQWHUQDOL]DWLRQ DQG RQO\ ODWHU JHQHUDOL]DWLRQ
$GGLWLRQDOO\XVLQJLQGLYLGXDOFKDUDFWHULVWLFVLQUHZDUGDQGSXQLVKPHQWVHQVLWLYLW\
could be used to create a reinforcement economy to further improve changes in 
EHKDYLRUDQGWRLQFUHDVHPRWLYDWLRQIRUWUHDWPHQW
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VWLOO VKRZKLJKO\ LPPRUDOEHKDYLRU 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behavior by demonstrating that fundamental reinforcement principles are 
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%LMQD LHGHUHHQKHHIW KHWZRRUG ȆSV\FKRSDDWȇZHOHHQV JHKRRUGRI JHEUXLNW 9DDN
GHQNHQPHQVHQKLHUELMDDQȴFWLHYHNDUDNWHUV]RDOV+DQQLEDO/HFWRULQȆ6LOHQFHRIWKH
ODPEȇ$QWRQ&KLJXUKLQȆ1RFRXQWU\IRUROGPHQȇRI3DWULFN%DWHPDQLQȆ$PHULFDQ
3V\FKRȇ %LQQHQ GH IRUHQVLVFKH SV\FKLDWULHZRUGW SV\FKRSDWKLH JHGHȴQLHHUG DOV






behandeling bieden aan individuen die zware delicten hebben gepleegd en 
WHJHOLMNHUWLMG DDQ HHQ ȆJHEUHNNLJH RQWZLNNHOLQJ RI ]LHNHOLMNH VWRRUQLV YDQ KHW
JHHVWHVYHUPRJHQ OLMGHQȇ 'DGHUV GLH LQ HHQ GHUJHOLMNH LQVWHOOLQJ WHUHFKW NRPHQ
vormen door hun psychische stoornis een gevaar voor de maatschappij en/of voor 
]LFK]HOI2PGHPDDWVFKDSSLMWHEHVFKHUPHQZRUGWHUGRRUGHUHFKWHUYHUSOHJLQJ
LQHHQIRUHQVLVFKSV\FKLDWULVFKFHQWUXPRI7%6NOLQLHNRSJHOHJG'RHOKLHUYDQ LV












deze kennis gebruikt worden om effectievere behandelinterventies te ontwikkelen 
die beter afgestemd zijn op de beperkingen en de vaardigheden van patiënten met 
SV\FKRSDWKLH
,Q GLW SURHIVFKULIW ZRUGW HHQ UHHNV H[SHULPHQWHQ JHUDSSRUWHHUG GLH DOV
GRHO KHEEHQ GH]H NHQQLV WH YHUJURWHQ ,Q KRRIGVWXN  ZRUGHQ DXWRPDWLVFKH
JHGUDJVWHQGHQFLHVRSVRFLDOHVWLPXOL LQSDWLHQWHQPHWSV\FKRSDWKLHRQGHU]RFKW
+RRIGVWXNLVHURSJHULFKWWHRQGHU]RHNHQZDWHULQGHKHUVHQHQYDQSV\FKRSDWKLVFKH
personen gebeurt tijdens het in afwachting zijn van een gedragsconsequenties 
]LMQ ,Q KRRIGVWXN   HQ  VWDDW EHVFKUHYHQ KRH GH]H FRQVHTXHQWLHV YHUZHUNW
ZRUGHQ ELM SV\FKRSDWHQ ,Q hoofdstuk 2 ZRUGW HHQ H[SHULPHQW EHVFKUHYHQ
waarin toenaderings- en vermijdingstendenties van patiënten met psychopathie 
RS DIIHFWLHYH JH]LFKWVXLWGUXNNLQJHQ EOLM ERRV HQ QHXWUDDO ZRUGHQ YHUJHOHNHQ
PHW JHGUDJVWHQGHQWLHV YDQ QLHWSV\FKRSDWKLVFKH GHHOQHPHUV 7RHQDGHULQJ
HQ YHUPLMGLQJ ]LMQ EDVDOH UHVSRQVHQ GLH WHQ JURQGVODJ OLJJHQ DDQ FRPSOH[H
HPRWLRQHOH UHVSRQVHQ 3RVLWLHYH VWLPXOL ]RDOV HHQ JHOXNNLJ JH]LFKW ORNNHQ LQ
JH]RQGHPHQVHQHHQWRHQDGHULQJVWHQGHQWLHXLWWHUZLMOQHJDWLHYHHQEHGUHLJHQGH
JH]LFKWVXLWGUXNNLQJHQ HHQ YHUPLMGLQJVWHQGHQWLH XLWORNNHQ+HW LV LPPHUV ]RGDW
KHWEHQDGHUHQYDQLHWVSRVLWLHIVPHHVWDOJHSDDUGJDDWPHWHHQSRVLWLHYHHUYDULQJ
terwijl het vermijden van iets negatiefs juist ertoe moet leiden dat de negatieve 
FRPSRQHQW YHUPHGHQ ZRUGW 'H]H WHQGHQWLHV NXQQHQ JHPHWHQ ZRUGHQ GRRU
deelnemers te instrueren om op een computerscherm gepresenteerde gezichten 
PHWEHKXOSYDQHHQ MR\VWLFNYDQ]LFKZHJ WHGXZHQRIQDDU]LFK WRH WH WUHNNHQ
'HUHVXOWDWHQODWHQ]LHQGDWSDWL­QWHQPHWSV\FKRSDWKLHPLQGHUJHQHLJG]LMQRP
ER]HJH]LFKWHQYDQ]LFKDIWHGXZHQGDQJH]RQGHGHHOQHPHUVXLWGHFRQWUROHJURHS
'H]H YHUPLQGHUGH QHLJLQJ RP ER]H JH]LFKWHQ WH YHUPLMGHQ EOHHN VDPHQ WH
hangen met de mate waarin deelnemers het perspectief van iemand anders 








dus al op dit basale niveau van affectieve informatieverwerking een tekortkoming 
WHKHEEHQ
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In hoofdstuk 3 wordt een studie gerapporteerd waarin met behulp van 
IXQFWLRQHOHPDJQHWLVFKHUHVRQDQWLHLPDJLQJI05,RQGHU]RFKWLVKRHGHKHUVHQHQ
van criminele psychopaten tijdens het in afwachting zijn van een beloning reageren 
in vergelijking met een groep niet-criminelen met veel trekken van psychopathie 
HQ HHQ JURHS QLHWFULPLQHOH GHHOQHPHUV PHW ZHLQLJ SV\FKRSDWKLVFKH WUHNNHQ
'H UHVXOWDWHQ ODWHQ ]LHQ GDW EHLGH JURHSHQ PHW SV\FKRSDWKLVFKH WUHNNHQ HHQ
verhoogde breinactivatie in het striatum laten zien tijdens het in afwachting zijn 
YDQEHORQLQJWHQRS]LFKWHYDQGHHOQHPHUVPHWZHLQLJWUHNNHQYDQSV\FKRSDWKLH
(HQ EHODQJULMNH EHYLQGLQJ LV GDW GH FULPLQHOH SV\FKRSDWHQ HHQ YHUKRRJGH




en niet-criminele psychopaten is te vinden in hoe dit signaal naar gebieden van de 
KHUVHQHQJHVWXXUGZRUGWGLHEHODQJULMN]LMQELMKHWQHPHQYDQEHVOLVVLQJHQ








LQ KHW EUHLQ ELMYRRUEHHOG HHQ IRXW GHWHFWHHUW RQWVWDDW HU HHQQHJDWLHYHSLHN LQ
GH HOHNWULVFKH KHUVHQDFWLYLWHLW GH HUURUUHODWHG QHJDWLYLW\ (51 'H]H SLHN NDQ
op verschillende momenten optreden en heeft telkens een iets andere betekenis: 
DOOHUHHUVW NDQ GH SLHN RSWUHGHQ YODN QDGDW LHPDQG HHQ IRXW KHHIW JHPDDNW ,Q
GDWJHYDOQRHPHQZHGLWHHQUHVSRQVH(51HQZLMVWGHSLHNRSGHDXWRPDWLVFKH
GHWHFWLHYDQHHQIRXWRSKHUVHQQLYHDX9HUYROJHQVNDQGHSLHNRRNRSWUHGHQYODN
QDGDWHUHHQQHJDWLHYHXLWNRPVWRIQHJDWLHYH IHHGEDFN LVJHSUHVHQWHHUG ,QGDW
JHYDOZRUGWGHSLHNGHIHHGEDFN(51)51JHQRHPG
In hoofdstuk 4 is het vermogen van psychopathische patiënten onderzocht om 
QHJDWLHYHIHHGEDFNWHJHEUXLNHQRPWRHNRPVWLJJHGUDJELMWHVWXUHQ'HUHVXOWDWHQ





IRXW NOHLQHUZDV (51ELMSV\FKRSDWHQ2RNGLW LV HHQDDQZLM]LQJGDW ]LM ODQJHU
DIKDQNHOLMNEOLMYHQ YDQH[WHUQ IHHGEDFN YRRUGDW ]HRSKHWPRPHQW YDQ UHVSRQV












GH 3 ZHHUVSLHJHOW RI GH]H XLWNRPVW YHUZDFKW RI RQYHUZDFKW ZDV HQ GXV
HHQ JHGUDJVYHUDQGHULQJ HLVW RI QLHW 'H]H UHVXOWDWHQ ]LMQ JHEUXLNW RPKHW]HOIGH
H[SHULPHQWELMSV\FKRSDWHQXLWWHYRHUHQhoofdstuk 6
In hoofdstuk 6 werd onderzocht of psychopaten enkel moeite hebben met 
negatieve maar niet met positieve feedback zoals in de literatuur vaak wordt 
JHVXJJHUHHUG (HQSUREOHHPPHW HHUGHUH VWXGLHVZDVGDW YDDNHQNHOQHJDWLHYH
IHHGEDFN RP HHQ JHGUDJVDDQSDVVLQJ YURHJ ZDDUGRRU QLHW GXLGHOLMN ZHUG RI




*HGUDJVPDWLJ YRQGHQZLM YHUPLQGHUG OHHUJHGUDJELM SV\FKRSDWKLVFKHSDWL­QWHQ
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'H)51ZDVNOHLQHU LQGHJURHSSV\FKRSDWHQYRRU]RZHOSRVLWLHYHDOVQHJDWLHYH
RQYHUZDFKWH IHHGEDFN LQ YHUJHOLMNLQJ WRW GH FRQWUROHJURHS 2RN UHDJHHUGHQ GH
KHUVHQHQ YDQ SV\FKRSDWHQ PHW NOHLQHUH )51 SLHNHQ RS QHJDWLHYH IHHGEDFN
RQJHDFKW RI GLW YHUZDFKW RI RQYHUZDFKW ZDV 'H]H UHVXOWDWHQ VXJJHUHUHQ GDW
psychopathie gepaard gaat met zowel verminderde gedragsaanpassing als ook 
YHUPLQGHUGHYHUZHUNLQJYDQQHJDWLHYHXLWNRPVWHQ
'HVWXGLHVLQGLWSURHIVFKULIWJHYHQQLHXZHLQ]LFKWHQLQZHONHDVSHFWHQYDQKHW
verwerken van feedback en uitkomsten van gedrag bij patiënten met psychopathie 
DIZLMNHQG]LMQPDDURRNZHONHDVSHFWHQQLHWDIZLMNHQ3V\FKRSDWKLVFKHSDWL­QWHQ
WRQHQ DIZLMNHQGH KHUVHQDFWLYLWHLW WLMGHQV KHW LQ DIZDFKWLQJ ]LMQ YDQ EHORQLQJ
afwijkende automatische reacties op boze gezichten en afwijkingen tijdens het 
YHUZHUNLQJ YDQ JHGUDJVXLWNRPVWHQ%HODQJULMN LV HFKWHU RRNRP WH ]LHQGDWQLHW
DOOHDVSHFWHQDDQJHWDVW]LMQ'HH[WHUQHIHHGEDFNZRUGWLPPHUVZHOJHGHWHFWHHUG
PDDU GH DDQSDVVLQJ YDQ JHGUDJ YHUORRSW PRHL]DDP 'LW JHHIW LQGLFDWLHV YRRU
DDQSDVVLQJHQ LQ EHKDQGHOSURJUDPPDȇV YRRU SV\FKRSDWKLH RS GH ODQJH WHUPLMQ






HLWKHU WR WKHUHVHDUFKDQGRU WR WKHSHUVRQDOZHOOEHLQJRI WKHVH\HDUV%RWKRI
ZKLFKZHUHHTXDOO\LPSRUWDQWWRPH
5RVKDQWRHQMLMQDDU1LMPHJHQNZDPZHUGLNGHHOYDQGHȆ&RROVJDQJȇ-LMKHEW
































'DQNH DXFK DQPHLQH (OWHUQ GLHPLUPHLQHQ:HUGHJDQJ HUP¸JOLFKW KDEHQ
GLHLPPHUKLQWHUPLUVWDQGHQXQGPLFKLQDOPHLQHQ(QWVFKHLGXQJHQXQWHUVW¾W]W
KDEHQ GLH PLU LPPHU HLQHQ 2UW GHU ODQJHQ $EHQGHVVHQ XQG *HVSU¦FKH GHU
7UDNWRUIDKUWHQGHU)HXHUDP+DIHQGHU%HUOLQHU:HLVVHQDQGHQ:HVHUWHUDVVHQ









GDW MHPLMELMPLMQKDQGMHKHEW JHQRPHQ -RDFKLP9RONHU 3KLOLS5RHODQG%DUW








NDQ -DQND -XOLD .ULVWLQ WKDQNV IRU OLVWHQLQJ WRPH IHHOLQJ WKH VDPHDQG JRLQJ



















o weekend road trips
o creativity nights












Von Borries, A.K.L.9ROPDQ ,$&%XOWHQ %+9HUNHV5-5RHORIV. 
3V\FKRSDWKV ODFN WKH DXWRPDWLF DYRLGDQFH RI VRFLDO WKUHDW UHODWLRQ WR
LQVWUXPHQWDODJJUHVVLRQPsychiatry research, 200
Von Borries, A.K.L. 9HUNHV5-%XOWHQ%+&RROV5 GH%UXLMQ (5$ 
)HHGEDFNUHODWHG QHJDWLYLW\ FRGHV RXWFRPH YDOHQFH EXW QRW WKH QHHG IRU




9ROPDQ , von Borries, A.K.L. %XOWHQ %+ 9HUNHV 5- 7RQL , 5RHORIV .
XQGHU UHYLVLRQ 7HVWRVWHURQH DQG UHGXFHG SUHIURQWDO FRQWURO RI HPRWLRQDO
DFWLRQVLQFULPLQDOSV\FKRSDWKV
Von Borries, A.K.L.%UD]LO ,$%XOWHQ%+ VXEPLWWHG)DFWRUVWUXFWXUHRI WKH
3V\FKRSDWK\3HUVRQDOLW\,QYHQWRU\LQGLIIHUHQWSRSXODWLRQV
Von Borries, A.K.L.&RROV5%XOWHQ%+GH%UXLMQ(5$VXEPLWWHG)HHGEDFN







6PHLMHUV'von Borries, A.K.L.9HUNHV5-5%XOWHQ%+ LQSUHSDUDWLRQ$Q
H[SORUDWRU\ VWXG\RQSUHGLFWLQJ3&/5 IDFWRU VFRUHVEDVHGRQQHXURFRJQLWLYH
PHDVXUHV
%UXJPDQ 6 /REEHVWDHO - von Borries, A.K.L. %XOWHQ %+ &LPD 0 $UQW]




Von Borries, A.K.L. %XOWHQ %+ %UD]LO ,$  Ȇ$JUHVVLHȇ ,Q $ $OHPDQ 3
(OLQJ / .UDEEHQGDP Ȇ1HXURSV\FKLDWULH (HQ FRJQLWLHI QHXURSV\FKRORJLVFKH
EHQDGHULQJȇQGHGLWLRQ%RRP
(JJHU - :LQJEHUJP¾KOHQ ( von Borries, A.K.L.  Ȇ3V\FKRSDWKLHȇ




9 <RRQ' Ȉ()333 -DKUEXFK (PSLULVFKH )RUVFKXQJ LQ GHU IRUHQVLVFKHQ
3V\FKLDWULH3V\FKRORJLHXQG3V\FKRWKHUDSLHȇ
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.RQLQJVKHLGH SULMV  IRU RXWVWDQGLQJ DQG LQQRYDWLYH FRQWULEXWLRQ WR 'XWFK
IRUHQVLFSV\FKLDWU\






6KHDWWHQGHG VHFRQGDU\HGXFDWLRQ $ELWXU DW WKH0D[LPLOLDQ.ROEH*\PQDVLXP
LQ:HJEHUJ*HUPDQ\6KHZRUNHGDQGWUDYHOOHGLQWKH8QLWHG6WDWHV
DQG )UDQFH  EHIRUH VWDUWLQJ KHU SV\FKRORJ\ VWXGLHV DW WKH 5DGERXG
8QLYHUVLW\1LMPHJHQPDMRULQJ LQ1HXURSV\FKRORJ\  ,QVKHREWDLQHG
D0DVWHUV'HJUHHLQ&OLQLFDO3V\FKRORJ\DWWKH8QLYHUVLW\RI*HQW%HOJLXPZKHUH
VKHZRUNHGDW WKH0HGLFDO3V\FKRORJ\8QLWRI WKH8QLYHUVLW\+RVSLWDO1H[WVKH
successfully followed the masterprogam in Cognitive Neuroscience at the Radboud 
8QLYHUVLW\1LMPHJHQ'RQGHUV,QVWLWXWH
)URP WRVKHZRUNHGRQKHU3K'SURMHFW LQFROODERUDWLRQZLWK WKH
5DGERXG0HGLFDO&HQWHU'RQGHUV ,QVWLWXWHDQG WKH3RPSHVWLFKWLQJ6LQGV
VKH DOVR FRRUGLQDWHV WKH SURMHFW ȊIRU0,1'6ȋ DW WKH 3RPSHVWLFKWLQJ GXULQJ
which a neurocognitive testbatterij relevant for forensic psychiatric populations 
LV GHYHORSHG 7KLV SURMHFW DLPV WR WUDQVODWH QHXURFRJQLWLYH UHVHDUFK LQ IRUHQVLF
SV\FKLDWULFSRSXODWLRQV LQWR FOLQLFDOO\ DSSOLFDEOHQHXURFRJQLWLYHGLDJQRVWLF WRROV
.DWLQND LVFXUUHQWO\ZRUNLQJDWWKH3RPSHVWLFKWLQJDVWKHVHQLRUVFLHQWLVWRQWKH
QHXURELRORJLFDOUHVHDUFKWUDFN6KHKDVDWHDFKLQJSRVLWLRQDWWKH&OLQLFDO3V\FKRORJ\
department of Radboud University and works as a psychotherapist in training  on 
D IRUHQVLF DGGLFWLRQ XQLW DW WKH /DQGHVYHUEDQG 5KHLQODQG /95 %HGEXUJ+DX
while following the postdoctoral education to become a psychotherapist at the 
5KHLQLVFKHQ $FDGHPLH I¾U 3V\FKRWKHUDSLH 5+$3 .UHIHOG ,Q WKH /95 VKH DOVR
coordinates a research project aimed at reducing aggressive incidents on closed 





In 2011 Katinka was awarded the Koningsheideprijs for outstanding and 
LQQRYDWLYH FRQWULEXWLRQ WR 'XWFK IRUHQVLF SV\FKLDWU\ LQ  WKH $ZDUG RI WKH






 9DQ $DOGHUHQ6PHHWV 6,  1HXUDO G\QDPLFV RI YLVXDO VHOHFWLRQ
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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WKH KXPDQ PRWRU V\VWHP 5DGERXG 8QLYHUVLW\ 1LMPHJHQ 1LMPHJHQ WKH
1HWKHUODQGV
 'H /DQJH )3  1HXUDO PHFKDQLVPV RI PRWRU LPDJHU\ 5DGERXG
8QLYHUVLW\1LMPHJHQ1LMPHJHQWKH1HWKHUODQGV
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 7KH LQȵXHQFH RI RQJRLQJ RVFLOODWRU\ EUDLQ DFWLYLW\ RQ
HYRNHGUHVSRQVHVDQGEHKDYLRXU5DGERXG8QLYHUVLW\1LMPHJHQ1LMPHJHQ
WKH1HWKHUODQGV
 +RRLMPDQV &5  ,PSDFW RI QXWULWLRQDO OLSLGV DQG YDVFXODU IDFWRUV
LQ $O]KHLPHUȇV GLVHDVH 5DGERXG 8QLYHUVLW\ 1LMPHJHQ 1LMPHJHQ WKH
1HWKHUODQGV
 *DV]QHU% 3ODVWLFUHVSRQVHVWRVWUHVVE\WKHURGHQWXURFRUWLQHUJLF
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 '\QDPLFV RI FRJQLWLYH FRQWURO LQ WDVN VZLWFKLQJ /RRNLQJ




 %DJJLR* 6HPDQWLFVDQG WKHHOHFWURSK\VLRORJ\RIPHDQLQJ7HQVH
DVSHFW HYHQW VWUXFWXUH 5DGERXG 8QLYHUVLW\ 1LMPHJHQ 1LMPHJHQ WKH
1HWKHUODQGV
 9DQ:LQJHQ*$ %LRORJLFDOGHWHUPLQDQWVRI DP\JGDOD IXQFWLRQLQJ
5DGERXG8QLYHUVLW\1LMPHJHQ0HGLFDO&HQWUH1LMPHJHQWKH1HWKHUODQGV
 %DNNHU 0  6XSUDVSLQDO FRQWURO RI ZDONLQJ /HVVRQV IURP PRWRU











 'XPRQW *-+  &RJQLWLYH DQG SK\VLRORJLFDO HIIHFWV RI
PHWK\OHQHGLR[\PHWKDPSKHWDPLQH 0'0$RU ȇHFVWDV\ȇ LQ FRPELQDWLRQ
ZLWKDOFRKRORUFDQQDELVLQKXPDQV5DGERXG8QLYHUVLW\1LMPHJHQ1LMPHJHQ
WKH1HWKHUODQGV
 3LMQDFNHU -  'HIHDVLEOH LQIHUHQFH LQ DXWLVP $ EHKDYLRUDO DQG










 +RUOLQJV &*&  $ ZHDN EDODQFH %DODQFH DQG IDOOV LQ SDWLHQWV ZLWK
QHXURPXVFXODU GLVRUGHUV 5DGERXG 8QLYHUVLW\ 1LMPHJHQ 1LMPHJHQ WKH
1HWKHUODQGV
 6QDSKDDQ /-$(  (SLGHPLRORJ\ RI SRVWVWURNH EHKDYLRXUDO
FRQVHTXHQFHV5DGERXG8QLYHUVLW\1LMPHJHQ0HGLFDO&HQWUH1LMPHJHQWKH
1HWKHUODQGV
 'DGR Ȃ 9DQ %HHN +($  7KH UHJXODWLRQ RI FHUHEUDO SHUIXVLRQ LQ
SDWLHQWV ZLWK $O]KHLPHUȇV GLVHDVH 5DGERXG 8QLYHUVLW\ 1LMPHJHQ 0HGLFDO
&HQWUH1LMPHJHQWKH1HWKHUODQGV
 'HUNV 10  7KH UROH RI WKH QRQSUHJDQJOLRQLF (GLQJHU:HVWSKDO
QXFOHXVLQVH[GHSHQGHQWVWUHVVDGDSWDWLRQLQURGHQWV5DGERXG8QLYHUVLW\
1LMPHJHQ1LMPHJHQWKH1HWKHUODQGV
 :\F]HVDQ\0  &RYDULDWLRQ RIPRRG DQG EUDLQ DFWLYLW\ ,QWHJUDWLRQ
RI VXEMHFWLYH VHOIUHSRUW GDWD ZLWK TXDQWLWDWLYH ((* PHDVXUHV 5DGERXG
8QLYHUVLW\1LMPHJHQ1LMPHJHQWKH1HWKHUODQGV
 %HXU]H 60  &RUWLFDO PHFKDQLVPV IRU UHDFK SODQQLQJ 5DGERXG
8QLYHUVLW\1LMPHJHQ1LMPHJHQWKH1HWKHUODQGV
3DJH_3DJH_ 'RQGHUV*UDGXDWH6FKRROIRU&RJQLWLYH1HXURVFLHQFH6HULHV'RQGHUV*UDGXDWH6FKRROIRU&RJQLWLYH1HXURVFLHQFH6HULHV




 .RN 3  :RUG RUGHU DQG YHUE LQȵHFWLRQ LQ DJUDPPDWLF VHQWHQFH
SURGXFWLRQ5DGERXG8QLYHUVLW\1LMPHJHQ1LMPHJHQWKH1HWKHUODQGV




 6QLMGHUV 70  0RUH WKDQ ZRUGV  1HXUDO DQG JHQHWLF G\QDPLFV
RI V\QWDFWLF XQLȴFDWLRQ 5DGERXG 8QLYHUVLW\ 1LMPHJHQ 1LMPHJHQ WKH
1HWKHUODQGV
 *URRWHQV .3  &RJQLWLYH G\VIXQFWLRQ DQG HIIHFWV RI DQWLSV\FKRWLFV
LQ VFKL]RSKUHQLD DQG ERUGHUOLQH SHUVRQDOLW\ GLVRUGHU 5DGERXG 8QLYHUVLW\
1LMPHJHQ0HGLFDO&HQWUH1LMPHJHQWKH1HWKHUODQGV
 1LHXZHQKXLV ,/& 0HPRU\FRQVROLGDWLRQ$SURFHVVRI LQWHJUDWLRQ
Ȃ&RQYHUJLQJ HYLGHQFH IURP0(* I05, DQGEHKDYLRU 5DGERXG8QLYHUVLW\
1LMPHJHQ0HGLFDO&HQWUH1LMPHJHQWKH1HWKHUODQGV
 0HQHQWL /0(  7KH ULJKW ODQJXDJH 'LIIHUHQWLDO KHPLVSKHULF
FRQWULEXWLRQV WR ODQJXDJH SURGXFWLRQ DQG FRPSUHKHQVLRQ LQ FRQWH[W
5DGERXG8QLYHUVLW\1LMPHJHQ1LMPHJHQWKH1HWKHUODQGV
 9DQ'LMN +3  7KH VWDWH RI WKH EUDLQ KRZ DOSKD RVFLOODWLRQV VKDSH







 4LQ 6 $GDSWLYHPHPRU\ ,PDJLQJPHGLDO WHPSRUDO DQGSUHIURQWDO
PHPRU\V\VWHPV5DGERXG8QLYHUVLW\1LMPHJHQ1LMPHJHQWKH1HWKHUODQGV
 7LPPHU 10  7KH LQWHUDFWLRQ RI KHSDUDQ VXOIDWH SURWHRJO\FDQV
ZLWK WKH DP\ORLG SURWHLQ 5DGERXG 8QLYHUVLW\ 1LMPHJHQ 1LMPHJHQ WKH
1HWKHUODQGV
 &UDM« &  $W\SLFDO PRWRU SODQQLQJ DQG PRWRU LPDJHU\ 5DGERXG
8QLYHUVLW\1LMPHJHQ1LMPHJHQWKH1HWKHUODQGV
 9DQ *URRWHO 7-  2Q WKH UROH RI H\H DQG KHDG SRVLWLRQ LQ VSDWLDO
ORFDOLVDWLRQ EHKDYLRXU 5DGERXG 8QLYHUVLW\ 1LMPHJHQ 1LMPHJHQ WKH
1HWKHUODQGV
 /DPHUV 0-0  /HYHOV RI VHOHFWLYH DWWHQWLRQ LQ DFWLRQ SODQQLQJ
5DGERXG8QLYHUVLW\1LMPHJHQ1LMPHJHQWKH1HWKHUODQGV
 9DQ GHU :HUI -  &RUWLFDO RVFLOODWRU\ DFWLYLW\ LQ KXPDQ YLVXRPRWRU
LQWHJUDWLRQ5DGERXG8QLYHUVLW\1LMPHJHQ1LMPHJHQWKH1HWKHUODQGV
 6FKHHULQJD5 2Q WKH UHODWLRQEHWZHHQRVFLOODWRU\((*DFWLYLW\DQG
WKH%2/'VLJQDO5DGERXG8QLYHUVLW\1LMPHJHQ1LMPHJHQWKH1HWKHUODQGV
 %¸JHOV 6  7KH UROH RI SURVRG\ LQ ODQJXDJH FRPSUHKHQVLRQ:KHQ














 YDQ GHU /LQGHQ0+  ([SHULHQFHEDVHG FRUWLFDO SODVWLFLW\ LQ REMHFW
FDWHJRU\ UHSUHVHQWDWLRQ 5DGERXG 8QLYHUVLW\ 1LMPHJHQ 1LMPHJHQ WKH
1HWKHUODQGV
 .OHLQH %8  0RWRU XQLW GLVFKDUJHV  3K\VLRORJLFDO DQG GLDJQRVWLF
VWXGLHVLQ$/65DGERXG8QLYHUVLW\1LMPHJHQ0HGLFDO&HQWUH1LMPHJHQWKH
1HWKHUODQGV
 3DXOXV 0  'HYHORSPHQW RI DFWLRQ SHUFHSWLRQ 1HXURFRJQLWLYH





 9DQ /HHXZHQ 70  Ȇ+RZ RQH FDQ VHH ZKDW LV QRW WKHUHȇ 1HXUDO
PHFKDQLVPV RI JUDSKHPHFRORXU V\QDHVWKHVLD 5DGERXG 8QLYHUVLW\
1LMPHJHQ1LMPHJHQWKH1HWKHUODQGV









GLVRUGHUV DQG LQYHVWLJDWLQJ WKH UROH RI WKH H[WUDFHOOXODUPDWUL[ LQPXVFOH
5DGERXG8QLYHUVLW\1LMPHJHQ0HGLFDO&HQWUH1LMPHJHQWKH1HWKHUODQGV





 6FKDHIHU 56  0HDVXULQJ WKH PLQGȇV HDU ((* RI PXVLF LPDJHU\
5DGERXG8QLYHUVLW\1LMPHJHQ1LMPHJHQWKH1HWKHUODQGV
 ;X/7KHQRQSUHJDQJOLRQLF(GLQJHU:HVWSKDOQXFOHXV$QLQWHJUDWLRQ
FHQWHU IRU HQHUJ\ EDODQFH DQG VWUHVV DGDSWDWLRQ 5DGERXG 8QLYHUVLW\
1LMPHJHQ1LMPHJHQWKH1HWKHUODQGV




LQWR DP\JGDOD IXQFWLRQ GXULQJ DFXWH VWUHVV DQG LWV DIWHUPDWK 5DGERXG
8QLYHUVLW\1LMPHJHQ1LMPHJHQWKH1HWKHUODQGV








 9DQ 1RUGHQ $*:  &RJQLWLYH IXQFWLRQ LQ HOGHUO\ LQGLYLGXDOV ZLWK
FHUHEUDOVPDOOYHVVHOGLVHDVH$Q05,VWXG\5DGERXG8QLYHUVLW\1LMPHJHQ
0HGLFDO&HQWUH1LMPHJHQWKH1HWKHUODQGV
 -DQVHQ(-5 1HZLQVLJKWV LQWR9$73DVHIXQFWLRQLQJ WKHUROHRI LWV
DFFHVVRU\ VXEXQLW $F DQG D QRYHO EUDLQVSHFLȴF $F SDUDORJ 5DGERXG
8QLYHUVLW\1LMPHJHQ1LMPHJHQWKH1HWKHUODQGV




WKH VRPDWRVHQVRU\ V\VWHP 5DGERXG 8QLYHUVLW\ 1LMPHJHQ 1LMPHJHQ WKH
1HWKHUODQGV
 YDQ %DUQHYHOG '&3%0  ,QWHJUDWLRQ RI H[WHURFHSWLYH DQG
LQWHURFHSWLYH FXHV LQ VSDWLDO ORFDOL]DWLRQ 5DGERXG 8QLYHUVLW\ 1LMPHJHQ
1LMPHJHQWKH1HWKHUODQGV
 6SLHV 3(  7KH UHȵHFWLRQ RI $O]KHLPHU GLVHDVH LQ &6) 5DGERXG
8QLYHUVLW\1LMPHJHQ0HGLFDO&HQWUH1LMPHJHQWKH1HWKHUODQGV
 +HOOH 0  $UWHU\VSHFLȴF SHUIXVLRQ PHDVXUHPHQWV LQ WKH FHUHEUDO
YDVFXODWXUHE\PDJQHWLFUHVRQDQFHLPDJLQJ5DGERXG8QLYHUVLW\1LMPHJHQ
1LMPHJHQWKH1HWKHUODQGV

















 -RRVWHQ:H\Q%DQQLQJK/:$  /HDUQLQJ WR OLYHZLWK0LOG&RJQLWLYH
Impairment: development and evaluation of a psychological intervention 






 5RXZHWWH 73+  1HXURSDWKLF SDLQ DQG WKH EUDLQ  'LIIHUHQWLDO
involvement of corticotropin-releasing factor and urocortin 1 in acute and 
FKURQLF SDLQ SURFHVVLQJ 5DGERXG 8QLYHUVLW\ 1LMPHJHQ 0HGLFDO &HQWUH
1LMPHJHQWKH1HWKHUODQGV
3DJH_3DJH_ 'RQGHUV*UDGXDWH6FKRROIRU&RJQLWLYH1HXURVFLHQFH6HULHV'RQGHUV*UDGXDWH6FKRROIRU&RJQLWLYH1HXURVFLHQFH6HULHV
 9DQ GH 0HHUHQGRQN 1  6WDWHV RI LQGHFLVLRQ LQ WKH EUDLQ
(OHFWURSK\VLRORJLFDO DQG KHPRG\QDPLF UHȵHFWLRQV RI PRQLWRULQJ LQ
YLVXDO ODQJXDJH SHUFHSWLRQ 5DGERXG 8QLYHUVLW\ 1LMPHJHQ 1LMPHJHQ WKH
1HWKHUODQGV
 6WHUUHQEXUJ $  7KH VWUHVV UHVSRQVH RI IRUHEUDLQ DQG PLGEUDLQ
UHJLRQV1HXURSHSWLGHVVH[VSHFLȴFLW\DQGHSLJHQHWLFV5DGERXG8QLYHUVLW\
1LMPHJHQ1LMPHJHQ7KH1HWKHUODQGV
 8LWKRO 6  5HSUHVHQWLQJ DFWLRQ DQG LQWHQWLRQ 5DGERXG 8QLYHUVLW\
1LMPHJHQ1LMPHJHQ7KH1HWKHUODQGV
 9DQ'DP:22QWKHVSHFLȴFLW\DQGȵH[LELOLW\RIHPERGLHGOH[LFDO
VHPDQWLF UHSUHVHQWDWLRQV 5DGERXG 8QLYHUVLW\ 1LMPHJHQ 1LMPHJHQ 7KH
1HWKHUODQGV





 YDQ 6FKRXZHQEXUJ05  )URQWRVWULDWDOPHFKDQLVPVRI DWWHQWLRQDO
FRQWURO5DGERXG8QLYHUVLW\1LMPHJHQ1LMPHJHQ7KH1HWKHUODQGV
 $]DU 0*  2Q WKH WKHRU\ RI UHLQIRUFHPHQW OHDUQLQJ 0HWKRGV
FRQYHUJHQFHDQDO\VLVDQGVDPSOHFRPSOH[LW\5DGERXG8QLYHUVLW\1LMPHJHQ
1LMPHJHQ7KH1HWKHUODQGV
 0HHXZLVVHQ (%  &RUWLFDO RVFLOODWRU\ DFWLYLW\ GXULQJ PHPRU\
IRUPDWLRQ5DGERXG8QLYHUVLW\1LMPHJHQ1LMPHJHQ7KH1HWKHUODQGV
 $UQROG -)  :KHQ PRRG PHHWV PHPRU\ 1HXUDO DQG EHKDYLRUDO











 +RRJPDQ 0  ,PDJLQJ WKH HIIHFWV RI $'+' ULVN JHQHV 5DGERXG
8QLYHUVLW\1LMPHJHQ1LMPHJHQ7KH1HWKHUODQGV
 7UDPSHU - -  )HHGIRUZDUG DQG IHHGEDFN PHFKDQLVPV LQ VHQVRU\
PRWRUFRQWURO5DGERXG8QLYHUVLW\1LMPHJHQ1LMPHJHQ7KH1HWKHUODQGV
 9DQ (LMQGKRYHQ 3  6WDWH DQG WUDLW FKDUDFWHULVWLFV RI HDUO\ FRXUVH
PDMRU GHSUHVVLYH GLVRUGHU 5DGERXG 8QLYHUVLW\ 1LMPHJHQ0HGLFDO &HQWUH
1LMPHJHQWKH1HWKHUODQGV
 9LVVHU(/HDYHVDQGIRUHVWV/RZOHYHOVRXQGSURFHVVLQJDQGPHWKRGV
IRU WKH ODUJHVFDOH DQDO\VLV RI ZKLWHPDWWHU VWUXFWXUH LQ DXWLVP 5DGERXG
8QLYHUVLW\1LMPHJHQ1LMPHJHQ7KH1HWKHUODQGV
 9DQ 7RRUHQ+RRJHQERRP 1  1HXURQDO FRPPXQLFDWLRQ LQ WKH
V\QFKURQL]HG EUDLQ ,QYHVWLJDWLQJ WKH IXQFWLRQDO UROH RI YLVXDOO\LQGXFHG





 9DQ .HVWHUHQ 075  6FKHPDV LQ WKH EUDLQ ,QȵXHQFHV RI SULRU




 7HU +RUVW $& 0RGXODWLQJPRWRU LPDJHU\ &RQWH[WXDO VSDWLDO DQG
NLQDHVWKHWLF LQȵXHQFHV 5DGERXG 8QLYHUVLW\ 1LMPHJHQ 1LMPHJHQ 7KH
1HWKHUODQGV
 7HVLQN&0-<1HXURELRORJLFDOLQVLJKWVLQWRODQJXDJHFRPSUHKHQVLRQ
LQ DXWLVP &RQWH[WPDWWHUV 5DGERXG 8QLYHUVLW\ 1LMPHJHQ 1LMPHJHQ 7KH
1HWKHUODQGV
 %¸FNOHU $  /RRNLQJ DW WKHZRUOG WRJHWKHU +RZ RWKHUVȇ DWWHQWLRQDO







 %XFKKRO] 9  2VFLOODWRU\ DFWLYLW\ LQ WDFWLOH UHPDSSLQJ 5DGERXG
8QLYHUVLW\1LMPHJHQ1LMPHJHQ7KH1HWKHUODQGV
 9DQ 'HXU]HQ 3$0  ,QIRUPDWLRQ SURFHVVLQJ DQG GHSUHVVLYH
V\PSWRPVLQKHDOWK\DGROHVFHQWV5DGERXG8QLYHUVLW\1LMPHJHQ1LMPHJHQ
7KH1HWKHUODQGV





 /DJUR -  &DUGLRYDVFXODU DQG FHUHEURYDVFXODU SK\VLRORJLFDO
PHDVXUHPHQWV LQ FOLQLFDO SUDFWLFH DQG SURJQRVWLFV LQ JHULDWULF SDWLHQWV
5DGERXG8QLYHUVLW\1LMPHJHQ0HGLFDO&HQWUH1LMPHJHQWKH1HWKHUODQGV
 (VNHQD]L 77   <RX XV	 WKHP )URPPRWRU VLPXODWLRQ WR DVFULEHG




 2YHUYHOGH -$$0  :KLFK SUDFWLFH PDNHV SHUIHFW" ([SHULPHQWDO
studies on the acquisition of movement sequences to identify the best 
OHDUQLQJFRQGLWLRQLQJRRGDQGSRRUZULWHUV5DGERXG8QLYHUVLW\1LMPHJHQ
1LMPHJHQ7KH1HWKHUODQGV
 .DOLVYDDUW -3  9LVXDO DPELJXLW\ LQ SHUFHSWLRQ DQG DFWLRQ 5DGERXG
8QLYHUVLW\1LMPHJHQ0HGLFDO&HQWUH1LMPHJHQ7KH1HWKHUODQGV
 .URHV 0  $OWHULQJ PHPRULHV IRU HPRWLRQDO H[SHULHQFHV 5DGERXG
8QLYHUVLW\1LMPHJHQ1LMPHJHQ7KH1HWKHUODQGV
 'XLMQKRXZHU -   6WXGLHV RQ WKH URWDWLRQ SUREOHP LQ VHOIPRWLRQ
SHUFHSWLRQ5DGERXG8QLYHUVLW\1LMPHJHQ1LMPHJHQ7KH1HWKHUODQGV
 1LMKXLV (+-  0DFURVFRSLFQHWZRUNV LQ WKHKXPDQEUDLQ0DSSLQJ
FRQQHFWLYLW\LQKHDOWK\DQGGDPDJHGEUDLQV8QLYHUVLW\RI7ZHQWH(QVFKHGH
7KH1HWKHUODQGV
 %UDDNPDQ 0 +  3RVWWUDXPDWLF VWUHVV GLVRUGHU ZLWK VHFRQGDU\
SV\FKRWLF IHDWXUHV $ GLDJQRVWLF YDOLGLW\ VWXG\ DPRQJ UHIXJHHV LQ WKH
1HWKHUODQGV5DGERXG8QLYHUVLW\1LMPHJHQ1LMPHJHQ7KH1HWKHUODQGV
 =HGOLW]$0((%ULWWOHEUDLQSRZHU3RVWVWURNHIDWLJXHH[SORUDWLRQV





 -DQVHQ'  7KH UROH RI QXWULWLRQ LQ$O]KHLPHUȇV GLVHDVH  $ VWXG\ LQ





 6HYHUHQV0 7RZDUGVFOLQLFDO%&,DSSOLFDWLRQV$VVLVWLYH WHFKQRORJ\
DQG JDLW UHKDELOLWDWLRQ 5DGERXG 8QLYHUVLW\ 1LMPHJHQ 1LMPHJHQ 6LQW
0DDUWHQVNOLQLHN1LMPHJHQ7KH1HWKHUODQGV
 %HUJPDQQ+7ZRLVQRWDOZD\VEHWWHUWKDQRQH2QWKHIXQFWLRQDO
DQG QHXUDO LQ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